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- 1 SOLAR ELECTRIC PANEL Field of the Invention 5
The present invention relates to a solar electric
panel particularly, though not exclusively, for use
on a roof of a building to provide electrical energy
for the building. Backgrougdloj the I nvention 10 It
is well known to use solar electric panels to provide
power to electrical apparatus or storage devices.
Dependi ng on the spedlfARc FAFOITRI& iFBWEdt hand, the
panels may be either free-standing or applied to a
roof of a 15 building. Wen the panels are applied to
Biebdf obfthe BNVEALAGD they may typically overlie an
exi sting roof covering. Appllcant has preV|oust
devi sed a photovoltaic t 20 assenbh converti Lng
SBFaPTERBR yngeBFéSPngﬁ?§esTﬁ8 2ph3 %5 ggl rﬁllgan

ﬁssEHBhyarSygonhbgghedotneacmaemeelso fohatiset opap roof of

pléulfg ? ag nggl 8V85%Qgr§8gltgﬁé§g%h?8r Hﬁgdbhgldlng

ce ot ironal “roof coverings s
slate and iron. 25 Further details of Appllcant s

égexgéggﬁgrb?eghephab@ﬁehbalc tile assenbly are
nt application No.

200716871-9. 30 Sunmary of the Invention In one
@ﬁpggtwelmekﬁbﬁﬁeﬁb uBwegbilan plevides paﬁeﬂarto provide

| ect b I
SP EhotovalEaFE L Creabbaneh B oabrrate derrped- Y
Depﬁnd$hggooneherspecefpboappéﬁtat@ooebtshanﬁ, the panels
ghecirically cennected ogst per .LR1femd Rhobgyokiaic

building. When the panels are applied to a roof of a

building, they may typically overlie an existing roof

covering.

Applicant has previously devised a photovoltaic tile
assembly for converting solar energy to electricity. The
photovoltaic tile assembly is configured in a manner so
that it can also act as a roof covering and thereby be
used in place of traditional roof coverings such as tiles,

slate and iron.
Further details of Applicant’s above-described
photovoltaic tile assembly are provided in Singapore

patent application No. 200716871-9.

Summary of the Invention

In one aspect, the present invention provides a solar
electric panel comprising:

a base tile;

a plurality of photovoltaic tiles, each photovoltaic

tile comprising one or more photovoltaic cells
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cell circuit; a connection system supported on or in
the base tile, the connection systemelectrically
connecting the 5 photovoltaic tiles together in groups
of two or nore photovoltaic tiles, and mechanically
coupling the photovoltaic tiles to the base tile, the
connection system being confrgured to facilitate
el ectrical coupling of the base tile with an adjacent
basettritellundondeatefieasgebherbypaservedi phoshuptedic
8&i9351§ set . of one or nore of the photovoltaic cells
ﬁotovoltalc cell circuit, wherein the b
deV|cé 9@@0?@Eé0§ éMﬁF@ﬁtsu@ﬁ?ﬁtﬁérOPh@rph8t608|%aﬁe tile,

@ﬁé'c§hﬁ§étioﬁCE9§§eﬁh@l§@trQ&alD?Ob@Mﬁbbahﬁgcehbs

en an_out put ross_th t
A1ER e, oULpuL VoL P9S BE190%. Becsel 15 o or more
phoesholtavol tages, Thedcoankehioaldystenpiaypgcohpri se:

ay duct : h '
FoBEYBEALCFLERROLR' HR BRSOy BRLhcREToIAXLESoR oysten
beupgeqonémquradptgréapnyléﬁt@|@é@ﬁtéapaéoﬁ@u@&éﬁg of the

that ehectyieal by a@?ﬁﬁ@ﬁE basepe§§§ t gggt her. The
connecti on sgsten1na a first electrlcal 2

connegfotCaf 9n§oﬁﬁpéﬁ§n?§V§C§eEBHBt@pe€FFP§§I set of
éﬁanéﬁtﬁbrewbereh@ bh@tﬁvbitaebecén&eahncOhﬁephotohsltaic
COﬁﬁled to, gn g %Ee ﬁ ectri conduct or &
E6hneCtEd t6” a” ?F?Fn °t REPPESt Xﬁaetﬁgose GRge curEen
phent foeatheophetteplisicouplédcitouah endoet the set of

ghsgagmgeglgoeg;9g°&hggnQﬁcgae te @oheag BQCQE thene set

ectrical Gonndctor of one
efephptedbledhnectildn dystenschhaBeaebsetefeamiped

capperbed vwhthga. second el ectrical connector of a
second electrlcal connection systemto provide

electrical continuity between the first and second
ehectphaakteonnegkicem mdy syapemse:Cne or both of the

flriura?9t§e8 n%o%h%%%&h%ako 9e%ggkspost having a free
end to which the photovoltaic tiles are coupled; and,
a plurality of electrical conductors that electrically

connect the posts together.

The connection system may comprise a first electrical
connector and a complementary second electrical connector
wherein the first electrical connector is coupled to an
end of the electrical conductor connected to a first of
the posts and the second electrical connector is coupled
to an end of the electrical conductor connected to a last
of the posts whereby the first electrical connector of one
electrical connection system can be electrically connected
with a second electrical connector of a second electrical
connection system to provide electrical continuity
between the first and second electrical connection

systems.

One or both of the first and second electrical connectors
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- 3 may be provided with a degree of resilience so as

to apply a nechanical force between first and second

el ectrical connectors when coupl ed together, the
mechani cal force acting to maintain coupling between

the first and second 5 electrgcal connectors. The

first and second el ectrical connectors may al so be
configured to form when engaged with each other, a
m@Yub¢ pronidet sithagedefrearpfbresiéhgnfe 20 FReto apply

rﬁgcﬁ%ﬁlggle SPcQoﬁétﬂ§¥nb?lQEQVéHGds@b&ﬁdaeﬁékgkﬂgal

to enabl e nec ani cal el ectrical connection to _the
9@@@%@%@fa|@h@n|@oum§e¢héog@¥h?ﬁg By BeRppRseay force

REHY Iﬁa Qhinesihi 88tipl@hg HESWEERNthY Supper ked, second
radi a ¥ extendln? grOJectlons formed about the free
%%%CB¥1 At PBRESCFRTENn alternate enmbodi ment the

fitting may conprise a 20 conbi nati on of (a) a screw

read_forne nthe f 0 t
Sapreacfothe SerhiBathatstine: “ablsgPess ?EZ 2138 8%
thnéa@ufednbd farmhevhepecendgef wihb 9@§b ahaea, seryijcual

QbnbQLL adaphed 5@ 9§r§55§@egeaa£9 the thread. 25 In
one enbodi nent of the solar panel the electrica

conductors and posts are encapsul ated to form an

@h@cffééaéngoﬁﬁe@bbﬁnpbEtemayhbéepﬂoﬁhﬁeﬁreetﬁnd afitting
I S, acces ate_connection wth

EReCasbiRorsunrtare L prasetpREGHE ForarEroLngn 20 the

phohecbviloaisystiem.each el ectrical conductor conprises

a conducting rail to which a plurality of the posts

is connected. 35 However in an alternate formof the

thanétttongsysyemrepehse a plurality of resilient, or

resiliently supported, radially extending projections,

formed about the free end of the post.

In an alternate embodiment the fitting may comprise a
combination of (a) a screw thread formed on the free end
of the post and a nut adapted to be screwed onto the
thread, or (b) a screw thread formed in the free end of
the post and a screw or bolt adapted to be screwed onto
the thread.

In one embodiment of the solar panel the electrical
conductors and posts are encapsulated to form an
electrical connection tile, wherein the free end of each
post is accessible to facilitate connection with the

photovoltaic tiles.

In one form of the connection system each electrical
conductor comprises a conducting rail to which a plurality

of the posts is connected.

However in an alternate form of the connection system each

electrical conductor comprises one or more wires, Or one
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el ectrical conductor conprises one or nore wires, or

one - 4 or nore conducting tracks on a circuit board.
Inthis form the wires or tracks are configured to
enabl e custom connection to the posts to provide

sel ect abl e connection configuwrations. For exanple the
wires or tracks may be 5 configured to provide a

series connection between the one or nore first

et esdrécabndeviteg braappacat asesrcThe basedti [a whays
PgrﬂadghérQE%anBkdepggkgaéﬁé'ébn?ﬂgu%gﬁltGOQHQEEEOBustom

systemis Into the substrate
abreeahienehPobRAERPStRetBaBECT PR EBAPFF8RSCaCOBBEEEAPD

ebskl gdeht nbAY. aF@@Véka memﬁhéhwhbgsC@Bneﬁth@ may be
systemis di sposed nbodi nent .t he

el TuEaa ot B2 e i pr aniEr i B orr M BECHhbnoneRieeh, ifipsone

db poowi dedswi eheatplunal deyiokshokespparakiigraent

with the posts wherein the posts extend toward
correspondi ng holes. The base tile may conprise
Pherbbseytdlemmekebs vada fipmse @Qﬂﬁéééeeﬁéheﬁﬁﬁkeﬁnd the

ggﬁhébgﬂgg st@eﬁoggtheﬂdﬁﬁeiﬁgﬁ @Qeasﬁﬁghéﬁkéa

astener passing through a marker in a plane
per pendi cular to a plane containing the base tile is
ﬁaﬁﬁdait@ﬂhéhé epnbaciknn systeaseThelbasempmheesay

I f di
RBE LT BBF - edPTEBeRbel Surdcdnt aBhteing Basa i Brrsen
Egshemhmsodmbpasedtlﬂe nhyscemppdseena taer beset ithée
?§¥b99333f5r§5 sidgq 1and; 3 @v%?i%% pkﬁéec%%ék?dahg is

e-carrier e, the cover p aving a first
pkduidederéth ehelesplisy piléoéﬁa fRealégpaeng| yiéh the

?BQtEehﬁékgghytﬁ@nﬁbgﬁgeéxténﬁo&BWQrﬁeééiiespondlng holes.
her ebet ween when cover plate overlies the carrier

tile wth the respective first sides facing each
thebas@he&ebnma§ thepeneecors poueaphatowvd mairkecel ba a

E%s e%&%%abg %ach marker positioned at a location whereby
a mechanical fastener passing through a marker in a plane
perpendicular to a plane containing the base tile 1is

spaced from the connection system.

The base tile may also comprise a sealing system for
providing a waterproof seal between adjacent abutting base

tiles.

Each photovoltaic tile may comprise:

a carrier tile having a first side; and

a cover plate sealed to the carrier tile, the cover plate
having a first side, wherein the carrier tile and the
cover plate are relatively configured to form a recess
therebetween when cover plate overlies the carrier tile
with the respective first sides facing each other, wherein

the one or more photovoltaic cells are seated in the

recess.
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recess. - 5 In one formof the panel, the
photovoltaic tile, when viewed froma side provided
with the cover plate nay have a slate-like
appearance. 5 In addition the carrier tile my be of a
slate-1ike colour. The phoLo%oLtaic cells may al so be
of a slate-like colour. 10 The cover plate may have
substantially the sanme footprint as the carrier tiles
o dhat foespeft e pdyged, ofthehpheaprpératrl €idad wbeer

9%§%§daffoﬁugsgﬁaé'gk5¥18@d ,$ER1 PYS. cé%eknFQE%e may have

I ment e recess may be forned in the Tirst

gupfate-bikenhearegrrprBFetile. In this enmbodi nent the
cover plate can be seated in the recess. The

hotqQvoltaic tiles may conprise e or ugh

B A ﬁétéPBcF&FcSPrFégﬁiﬁgﬁ§ Eﬁy Fcﬁftﬁe Eﬁ% 38?Faic
tblesr.are electrically and nmechanically coupled by
the connection system The photovoltaic tiles may
further conprise electrical 25 cell conductors
Phevbdphgvahtelfiecteildal megnaéeri b bét Aeéhateadhke colour.
el ectrical term nal and the one or nore photovoltalc
cells. The electrical cell conductor be no
TRheoceHer Bdakgr pyr hevEeSHBEtaptiaady ghﬁo§ﬁpﬁnf8ptprlnt
IaBetﬁel engkherextend Bg tham theptetiivaaksgebaclf the
égass devi ce cgngrlses g W tchin bd vice. ,,35 At
PEASEoBna OF FHA BYPASsPdalFcas oy Be-a arsad, A
kLeastnot.t he one diodes is selected to have a forward
vol tage drop of equal to or less than 0.7 V. - 6 1In

one formof the panel, at |east one switching device
[5 onm smbpdiusatoths TeaRSEsMaY bwi COKNRE ddvitee first

surface of the carrier tile. In this embodiment the cover

plate can be seated in the recess.

The photovoltaic tiles may comprise one or more through
hole electrical terminals by which the photovoltaic tiles
are electrically and mechanically coupled by the

connection system.

The photovoltaic tiles may further comprise electrical
cell conductors providing an electrical connection between
each electrical terminal and the one or more photovoltaic

cells.

The electrical cell conductor may be molded into the
carrier tile for at least a portion of their length

extending from the terminals.

Each bypass device comprises a switching device.
At least one of the bypass devices may be a diode.

At least of the one diodes is selected to have a forward
voltage drop of equal to or less than 0.7 V.
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5 At | east one diode may be shunted across one or nore
of the photovoltaic cells in a manner such that each
di ode is reverse biased by the one or nore

photovoltaic cells across which it is shunted. 10 The
at | east one bypass device may be thermally insul ated
so as to reduce | eakage current therefrom Brief
description of the Drawings 15 Figure 1 is a partia
expl oded view fromthe top ol ar el ect |c panel,
T a6 or QEMCETWE LR BorPLel *erbaarhofie oFLEhD gsoiatice is
i nvenBloARtE-§UEe 2%i & éﬁa€§6§88édSV9§WhFP8n9€ éce
bottom of a base 20 tile incorporated in the solar
Bketenpt pamelisHewmaivnbeFisunsed; aFirggpe oB3edepi EPgcaot
met ho ttachi th lar, ele I a
suppogplnggs%rﬁg E%éc %§§g Enea4%%éh%rv%g%$oF%§gcﬁﬁgﬁ
AA ofdﬁbﬁeb&S€réWb&s&hbWﬁsed bElgheeoﬁﬁ Birgumoee5 is a
pan view of two base tiles side b %I ;. 30 _Figure 6

i s anPPeSREPLLE LG ERlof écESPﬁeWth lFmésbéggn d1es
prior to joining to each other; Figure 7 is a cross
section_view of two base tiles 35 connected

Sppatt LRSSt PGt BYEISEi ErdC8 F8Ya s ESFTéw 5t Tgsigpted
gbegkr ke padeke 1eékabeguier@nits tarreflramged i sonetric
view of a corner of the solar electric panel; 5

Figure 10 is a representation of one form of
senpéctiesnrisyivamofnthepdratedgisn the solar el ectric
panel when electrically connecting two solar electric
panels together; 10 Figure 11 is a further

Fépresent asi enpefrtikd espAeCEdofiew from the top of a

solar electric panel in accordance with a first embodiment

of the present invention;

Figure 2 is an exploded view from the bottom of a base
tile incorporated in the solar electric panel shown in

Figure 1;

Figure 3 depicts a method of attaching the solar electric

panel to a supporting structure;

Figure 4 is a view of section AA of the base tile shown in

Figure 2;

Figure 5 is a pan view of two base tiles side by side;

Figure 6 is an isometric view of a corner of a two base

tiles prior to joining to each other;

Figure 7 is a cross section view of two base tiles

connected to a supporting structure;

Figure 8 is a side view of solar electric panel;
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system Figure 12 is an enlarged view of one form of
fitting of the connection systemto nechanically
couple a 15 photovoltaic tile of the solar electric
panel to a base tile; Figure 13 is an equival ent
circuit diagramof the conpestion system shown in
Figures 10 and 11; 20 Figure 14 is an enlarged vi ew of
a second formof fitting of the connection systemto
mechani cally couple a photovoltaic tile of the solar

?h?ﬁ&éig pangh %ngrﬁéaeiFBhEEkig5vEEQU6? 45:b$n8R of the
e W O at

nfarged vie ird Tormof fitting of the

eohpsceleAtsyst BANES  mechanical |y couple a
photovoltaic tile of the solar electric panel to a
se tile; 30 Figure 16 i.s de alternate form

ba , icts a
6f9B58el?i L& &nde ESﬁﬁQE?F&ﬁn5§§t8ﬁ§iE85Pp8FaFPﬁﬁegtlon
Bostbmf onsvepokatedngnt chemsohami edkkyréoupkeed when

otovoltaic til .t he I I LC..pa a
Bigety Prat s e gath 0 B, 8 4sE) BRLh o Barar e
bagetheke and connection system shown in Figure 16; -
8 Figure 18 is an equivalent circuit diagramof the
connection system shown in Figures 16 and 17; 5 Figure
104Urs alr épr @sEHEAPPEN T6PTERENLBEAPBI Ophbti6y GPREFETLon
ggggehacorporated in the solar electric panel; Figure
19b i s an expl oded view of the photovoltaic tile

shown in Figure 19a; 10

Figure 12 is an enlarged view of one form of fitting of

the connection system to mechanically couple a
photovoltaic tile of the solar electric panel to a base
tile;

Figure 13 is an equivalent circuit diagram of the

connection system shown in Figures 10 and 11;

Figure 14 is an enlarged view of a second form of fitting
of the connection system to mechanically couple a
photovoltaic tile of the solar electric panel to a base
tile;

Figure 15 is an enlarged view of a third form of fitting
of the connection system to mechanically couple a
photovoltaic tile of the solar electric panel to a base
tile;

Figure 16 is depicts an alternate form of base tile and
connection system incorporating a forth form of fitting to
mechanically couple a photovoltaic tile of the solar

electric panel to a base tile;

Figure 17 is an exploded view of the base tile and

connection system shown in Figure 16;
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Figure 19c is a schematic representation of a carrier
tile incorporated in the photovoltaic tile depicted
in Figures 19a and 19b; 15 Figure 20a is a
representation of a second formof photovoltaic tile
incorporated in the solar elegtric panel; Figure 20b
is an exploded view of the tile shown in Figure 20
20a; Figure 20c is a schematic representation of a
carrier tile incorporated in the photovoltaic tile
gh?%eQ8'QsFégu%aﬁlv%Q@n%n@1?ggmt2é%§bggheo%lth% a
resentation of "a portion of a roof ~“covered by a
gpaﬂaptwnoﬁy%realr sabwat inc FpanErs; 16 gufe 122 is a
cross section of one formof sealing systenr 30
incorporated in the photovoltaic tile; gur 23 is_a .
ERG85esadei of 6t TROLEEERASFOF OF S5 ﬁﬁg Syspapovoltaic
tAcer paratpbgaicedt He phet evdktrakctetickéc Pankilgure 24
shows a perspective view of a photovoltaic tile
havi ng a photovoltaic cell circuit conposed of a 3x3
Fagnire 0Pbsési es eopiecedd vpkot odolthai phoslveltaig tile
EEQHB %5F§§99% aogr.aph of the open circuit voltage of
Rotoval taic céll circuit of Figure 24 as a
functron of the nunber of photovoltaic cells that are
shaded fibemis kMpichgag il glbrebegtbe 126 %EOWSc&rrler tile
Ggircuit dia ramo}lthgL %hot%oltalc cell .circui. g,f
ERGEFBO3A PR oPporat EROTR VR IFE4E SrEurEPiTeh d‘EPr tgpres
sbawana bhypass devi ce shunted across one photovoltaic
cell of the photovoltaic cell; Figure 28 shows a
circuit diagramof the photovoltalc cell circuit of
Figure 2%ahavi Ag repeeskntesdd ophotforoltegiondcdlarm o5

shadedohtam fRI1RYLAGJIGRbited in the solar electric

panel;

Figure 20b is an exploded view of the tile shown in Figure
20a;

Figure 20c is a schematic representation of a carrier tile
incorporated in the photovoltaic tile depicted in Figures
20a and 20b;

Figure 21 is a representation of a portion of a roof

covered by a plurality of solar electric panels;

Figure 22 is a cross section of one form of sealing system

incorporated in the photovoltaic tile;

Figure 23 is a cross section of a second form of sealing

system incorporating in the photovoltaic tile;

Figure 24 shows a perspective view of a photovoltaic tile
having a photovoltaic cell circuit composed of a 3x3

matrix of series connected photovoltaic cells;
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Fi gure 29 shows a bypass device shunted across all of

the photovoltaic cells of the photovoltaic cell; and

20 Figure 30 is a circuit diagram showi ng a series

connection of two shunted photovoltaic cell circuits

of the type shown in Figure g9. Description of

Enbodi nents 25 Figure 1 is a schematic representation

of an enbodi nent of a solar panel 400. The sol ar

panel 400 conprises: a base tile 100, a plurality of

phetipyobtakBolikl 8Sg8phoBkEytRBEopEROBArEdithiveltage of the

Figure), a connection system 200, for each 30 ,

photeveltaie eplé threHetopinbieUeredtrpeal bypgsion of

?g¥'ﬁﬁﬁbe%zofNgﬁgtB@BE%QEEa%EXlSaEHaEhQEQVQhEQEQ ti-bg
conprises ne or nore photovoltaic cells 12

ehpthgingl Lyghonnected together to forma

photovoltaic cell circuit 40. The connection system

200 is supported by or on the base tile - 10 100, and

eigetLi 08l kMoganpeet scine phageyal bai enki bastdQoltaic cell

together in groups of two or nore photovoltaic tiles,

ahdcubechénFealky é6uphesrphsaphet oBobt &PETt FLESUIO/t 0

the base tile 100. In addition the connection system

is configured 5 to facilitate electrical coupling of

rheubase7t shew308 Wwybhsandadjiaeeshubasd ticlkkessAbnkeast

one bypass device 42 is shunted_across a set of one

BRORBYelbRiEhESpROPEVEREAPEOTEEPLS2ES FRtRe

photovoltaic cell circuit 40. Each bypass device 42

provides a current path for the photovoltaic 10 cel

Eiguuet 240showess thecsét dfaphenoedl thecrbelkpyoizaic cell

when ap out put vol tage_acros h f i.C

EéFFglESO eg%gPﬁSnEQ %?3&8 e?ﬁ%nggﬁgksgs gpg%&éﬁkégg.cell

Asadexpkabnedmphingteat eighelow thi s reduces vol tage

drop the solar panel 400 in the event the voltage

out put an 15 individual cell 12 is reduced so as to _

agpuzé §9h%QBws'gp693€%% QevebbechiMeesharkoGlsr @9t of the
ch may arise for

photovoltaic cells of the photovoltaic cell; and

Figure 30 is a circuit diagram showing a series connection

of two shunted photovoltaic cell circuits of the type

shown in Figure 29.

Description of Embodiments

Figure 1 is a schematic representation of an embodiment of
a solar panel 400. The solar panel 400 comprises: a base
tile 100, a plurality of photovoltaic tiles 10 (only one
shown in this Figure), a connection system 200, for each
photovoltaic tile 10 one or more electrical bypass devices
42. More particularly each photovoltaic tile 10 comprises
one or more photovoltaic cells 12 electrically connected
together to form a photovoltaic cell circuit 40. The

connection system 200 is supported by or on the base tile
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exanpl e due to the shadow effect. The panel 400 may be

connected to a plurality of adjacent 20 panels 400 to

provi de i ncreased el ectrical output. The panel 400

may be deployed in say an array supported by a ground

based frane. Alternately thelganel may be nounted on

a roof of a building and connected to an electrica

power management systemto provide power to electrica
BOdeam@eslentrheabbyldongecw%rtbasthhpﬁﬁéh@$Cotlﬂﬁé 10
géeqf& gﬁ %%hgs%k'twe%Pemogssgﬁb@s@owagee@&@és, and

reference to ur e
megha@h@abbgscgu@lﬁérhh@fpbﬁ%@V%%E@l?.FélﬁéolgoﬁﬁrFQ%sbase

81 subsh o at en194aheybAgt Wb 6BnnsEPPORt SyotehOl gscbR€igured
el ectrical conngctlon system

Eonhacti bhaE§sPLRrsheCrs GauR %B%dO? Vﬂ?e§?3? Cidgai PO

vatkeranaadifaeéndesaseptiba. i Atplesstednaohybesai devine 42

the_under st f t t ;
L0egh0gets gookag o Lol el s Lunetlopnototecasc
cehb$|ééSla tbﬁUPQDFPVObtaéFe@@llc@#ﬁ?uéénégctEﬁgh bypass

§§£§e2@ﬁ ﬁ?BO@&égda EQQ@EH@rpQYhekégtEhéa%h6€865§£9ﬂ§
post 204 has a free end 206

GetbsSeHCHEBNTBr 26XPERIE P Be§BRICR BhPFPg??Eﬁ?FaE@$i§412
Qﬁeﬁhgnsbﬁﬁ ﬁ@teolﬁggeTHbEOQBabhessaﬁdoffﬁhbtbb61681c

el ectrical. connecti n of the t ov ic iles
i?%g%?hi?sénghﬁﬁcﬁaﬁFS BeRbuniERbEaFesRete folthbe? as
ehplaynéﬁann gréeseiObbbowhEhbaseedubes1@OlticelerhiEhe

iggggaggﬁéltﬁenggské Ley102 9ggp55§§§ge BgtLem asnel

nar om surrtace
pednphéwaﬂ manu 114iexreddrag aBoas theabbt BenPshifhce

}ﬁgedghéebektQEE@HEE@@eSEé%taBQrEB@tPeﬁhﬂﬁﬁrﬁbymﬁkhse for
define a cavity 116 in _which the conductors 202

§¥émﬂ%edﬂ§60§@dth€pFP6ﬂ8Wl?ff?ﬁE cavity 116 may be
filled with an

The panel 400 may be connected to a plurality of adjacent
panels 400 to provide increased electrical output. The
panel 400 may be deployed in say an array supported by a
ground based frame. Alternately the panel may be mounted
on a roof of a building and connected to an electrical
power management system to provide power to electrical

devices in the building.

Various components of the photovoltaic tile will now be

described in greater detail.

Base Tile 100

With reference to Figures 1-9, one possible form of the
base tile 100 comprises a substrate 102 having which
supports or holds the electrical connection system 200.
While the connection system 200 is described in greater
detail later, a brief description is provided now to aid

in the understanding of the structure and function of the
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insulating material to provide thermal insulation
through the base tile assenbly 110. 20 When the
substrate 102 is forned with the bottomshell 110, it
may al so be provided with a top shell 120 that
overlies the cavity 116 and is, provided with a
plurality of holes 122 through which the free ends
206 of the posts 25 204 extend. The surface of the top
bhekl ti2@ dPPosiThe tchanecdiiony syt efrol®d compiiisstss a

04 of il .- I 150320Q. 4
By e ot tom anatt PTG Fo "5y Bvant e i arssed
sPomaber Pit ¢leré rdadilt FOreECtPEiSs 20ray Beehadtisdy %&J dpypas a
%Q%eU%%dQ@O@e%ﬂ%Fh%%h %%2%%05%%%Faﬁk%m:%Q %@ﬁgﬁhﬁe%eyond a
or ultrasanic wel di ng. e ultrasanic__welding.is
6&F§F0§P§ﬁﬁﬁes&pﬂa8ﬁgt@ﬁeﬁugﬁ§r§ﬁﬁsﬁ$2reTféf ﬁ?éﬂ%ﬁﬁeand
E?@Hﬂdtak@%tb@&hﬁ&ﬂ@bﬁ&ﬁcaﬂnc@h@@btﬁ@npdek@@ ahaegved taic

..conpr.essi on.resi_ stance.to. t t 00, a
arfFic Olgifggfthteﬁe atnopms?ﬁ:glalnlf%g C\I%I%P?% aé)éflsett ]ee
pavitbyolié iics tpdew déd twi ttheabplser &liiley 160 . dependi ng
|l egs or struts 126 (see Figures 2 and 4). The - 12
| egs 126 bear_agai nst the bottom surface 112 when the
fop thiFe Embegd miea tattige 198 Sté atife 196t COMPLRSTS PLiottom
Eﬁ%lgoﬂﬂ@r%%g&'n'tg ;lal@lifl&gﬁ{‘ %\bitt@%ﬁl \Mugfﬁatdéo r}S_Q!,i ehng a f
enches or. rips at exten n i nsi de
PRELBEE) 1781 pAlalsF R g MBach HtnP ARy i oSSR
dildes ahet betshal Isurfbde Wién ane thel @erpahelrad0®alsd 114
S as _in_a.roof d r S t il e
BE TGy bearivtea 0y rhr et hs ERhElotrg, A e
mecpasiecal fasteners such as nails or 10 screws 130
that are driven through the thickened strips 128. In
order to ensure a user drives the nails or screws 130

ORtéagR lilNe 0 FVIZY did fRer Efold dvst ddthén
eheelibitGaly aRRREGIH10R oS YHEMROGhelrhe 1t apssieldich2@ hirdugh
%h%v%%%% W, % %%%%HEHQK%H%.132, one in each corner

When the substrate 102 is formed with the bottom shell
110, it may also be provided with a top shell 120 that
overlies the cavity 116 and is provided with a plurality
of holes 122 through which the free ends 206 of the posts
204 extend. The surface of the top shell 120 opposite the
cavity 116 forms the first surface 104 of the base tile
100. Top shell 120 is sealed to the bottom shell 110 to
prevent the ingress of water into the cavity 116. This
may be achieved by the use of mechanical seals, sealants,
adhesives, or ultrasonic welding. Use of ultrasonic
welding is particularly suitable when the substrate 102 is

made from a plastics material.

In order to provide a degree of compression resistance to
the base tile 100, a surface 124 of the top shell 120
which faces the cavity 116 is provided with a plurality of
depending legs or struts 126 (see Figures 2 and 4). The
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15 markers 132 may be in the formof: a sinple

indelible mark nmade on the first surface 104;

i ndentations; or, through holes. Base tile 100 is
provided with a tile sealing system 134 20 for

provi ding a waterproof seal_ befween adjacent abutting
base tiles 100. Wth particular reference to Figures

4-7, the tile sealing system 134 in this enbodi nent
¢egprﬂgésbeaategahhytekhenbphgomoﬁgmé§0@361€hyheﬂuﬁhe top

?hgmg &g@na?dh@esehea'@estae bhetbasentihe11@0 and to

ongi t udi 25 grooves 138 that run along the two
remai ni ng sides of the base tile 100. The tongues 136

gfhlé berassl isﬁbﬁm:rallbylg bBovﬁhgdeEgﬂgtSEGEEllZﬁObaiﬁches or
wn c| ear in Fi S a [
STPIPs"I2b Ehet skrrln! fMorea B o P ARl SR S g M

shdeslef, teaehchongherlaﬁd Eacbpﬁ@sgteosédé38ofsthe shell

med ﬁ Ba lg m@%gthSOb g%ﬁhg 1n1£or%%q based
ERer Pore 25, Ay

“tof particu ref erence
erggusgSﬂembttbanbbéeséeﬁetﬁéﬂ mhy Q¢o§v§6@380 rgfters

@@@”8@ @ﬁetggo?og? B@Ehgﬁlgglafé@@@h@r%4%uE9rE%d nkAls or
one gerl 114

eral wa and_an over han

EéF?Wén1§@4t 5toﬁr€hérﬂ86nsﬁ@FPuiéoth@héHlFﬁ@nﬁgnjgélps

136. OfI%ggrﬁ%ﬁetotbh@u@%saﬁhbﬁrlﬁrhﬁéerthé hatidst be screws
0 of . an tile, asse a_wat.er of

Lel YR eoitnbnharaosn. 12bzanpn s RESlact S TRl ans:

basettiiked m@ﬁneﬁheosubsstameZQOZ ane mopeshell 120 is

gge&aﬁgga&£¥ht%§u9°%%g %ehb 1%9e'§np%9%hd%@rW%th AThe
ura al ong opp05|te perlp era
wmalkers143Romalyl bw éhe&bhei éarm ednnactith leetinees ibhe mark

ﬁ%@%tBhC%heCQQg%%t%h§f%Q% when adiacanrt obase dd,| @hrough
100 are coupled together. Flgures 8 and 9 depict the

Relles-146 formed in the peripheral wall 114
contai ning the groove 138. Ends of the conductors 202

105304 Skoualn g, halen 4., G2y espandinn 0L, 4o
Sodepabviding a waterproof seal between adjacent abutting
base tiles 100. With particular reference to Figures 4-7,
the tile sealing system 134 in this embodiment comprises
laterally extending tongues 136 that run along two
adjacent sides of the base tile 100 and to longitudinal
grooves 138 that run along the two remaining sides of the
base tile 100. The tongues 136 are formed integrally with
the bottom shell 110 as shown most clearly in Figures 4
and 7. Rubber sealing strips 140 are partially embedded
in, and on opposite sides of, each tongue 136. Each
groove 138 is formed as a space between the bottom shell
110 and the top shell 120. More particularly, with
reference to Figure 4, it can be seen that the groove 138
is formed as the combination of a rebate 142 formed in one
of the peripheral walls 114 and an overhanging portion 144
of the top shell 120. When the tongue 136 of one base
tile assembly is inserted into the groove 138 of an
adjacent tile assembly a waterproof seal is formed between
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the bottom shell 110 which are in alignment wth the
hol es 146 on an adj acent base tile. Thus when two
base tiles 100 are coupled together, the connection
system 200 in 15 each tile 100 are also electrically
coupl ed together. Connection System 200 Figures 10-12
depi ct one form of the connection system 200 20 where
the electrical conductors are in the formof rails

202 teswphicthva pbjerakintybefeeltédesi d40l.y conducti ng
posts 204 is connected. In this enbodi nent, each rai
202 is in the general formof a square section
ABEaPpPEtrabe aP2r 689 PEE B@sfttécgg@ré%t ERG patacrepshell

t@oeashpebheneand 2o @ema&dmu&abﬂ Qomé% naisd a2Q2g

Each st 204 u t he 20 t
CPRSTCPsBEPLRkS0S. VP Lond LbemBodiLgit SLeRE a6eds. 204
ﬁamnbetmehdbétwbeazedeoelesmkdeaédcbodhh&oksn@@ZZ@ﬁen

f [ h il 202,
AP SRTE B! SUTRY AP LY M. e
@epaﬁaﬂ@pycan@h§ub@é@@eﬁﬂﬁyf@ﬁﬂ@dhé@ thet perdgherajoyall

h@4act>wc5%&n\§arth%t 'g%okfte Il%BDOS@h@Ise fforthteh%oa%fc%ors 202
provi d a _detachabl e coupl.ing fo

@esﬁﬁ@ét itﬁg‘oflght ﬁ@q m&§széé6 |nC§>étre§pP9ﬁtlﬁ@r holes are
¥ak-hatl Qﬁ tlh|'ée peaiibhd@d1and 1009tg 204 they op@osite side of

d el d I
BrnOBEGP 2P0 At dRtoditeY BRs 101 RGN J05° Lhe noles
aéﬁsbntaheadnecéumwbahecaaﬂbeneﬁhasywhen4twoo@@@@tadées
LR Y R UL L28lehlof heneoRuRRLLAR o5 LB D0 On

énab e el i cal nnecti on between a rail
202h talehild Oepizediadset ,elteﬁérﬁ:arlaélcfoﬁ@@@tl@ud Zogeiteim
the formof two spring arns 212 forned at one end of

arail 5 202, while the fenmal e connector 210 is in the
£oPRestign SYSSER K% 214 at the opposite end of the

rail 202. The sprlng arns 212 and the hole 214 are
%ﬁ%%%%éehﬁsgg 8%P opﬁe hato%h%% th%n% tQ%na%@%tem 200

where the electrlcal conductors are in the form of rails

202 to which a plurality of electrically conducting posts
204 is connected. In this embodiment, each rail 202 is in
the general form of a square section metallic tube or rod.
The posts 204 extend parallel to each other and
perpendicular to the rail 202. Each post 204 is coupled
to the rail 202 by a short transverse link 205. 1In one
embodiment, the posts 204 may be welded, brazed or
soldered to the links 205 which may be formed integrally
with the rail 202. Alternatively the links 205 may be
formed separately and subsequently attached to the rail
202. In a further variation it is possible for the posts
204 to be provided with a detachable coupling for
connecting to the links 205. 1In yet a further variation

the rail 202 and posts 204 may be integrally formed.

A male connector 208 and female connector 210 at opposite

ends of the rail 202 constitute one form of complementary



10

15

20

25

30

35

hol e 214 they provide a degree of resilience to apply

a 10 nmechanical bias force. This acts to provide both
nmechani cal and el ectrical coupling between adjacent
rails 202. Nunerous different types of configuration

of electrical 15 connectors yypy_be provided at the
opposite ends of each conductor (rail) 202. For

exanpl e, the spring arns 212 my be replaced with a
banaratplegthppemegnbectiori liskteinatihgelcpnnelgion system

QQGn%Btggaﬁﬁé %E%c@?1@59vbgﬁﬁeW%EBnOB%tw%%nngB%a%@h%ngalls

cont act contact the inside 20 surface of
2R -héretRig. ephgdénacnimne thAsmaécsGPRAEELEE 20Ke iFofi@ the

244nnBY @h@osp@la@omk&gdzwutHo@mgalaﬂeah@rgndsbapadrall

f bal
oRe BALESpEas: dE™A BnaE TS REoR CLPnds 28 PRY hEtr of @
e@mpéethoﬁes?iﬂeatZ@ﬂesbppnsEmgueed of 4hendaild €KE. The
é ZQ%mgrglar ﬁﬁg%?ﬁ'ﬁoﬁg'§§4 EQ rgﬁth%%lX configured

t rve rail fo act as a nom
posthaVeWhanlthﬁdsarlﬁgnﬁﬁaﬁ ﬁééaﬁﬁ@elﬂéﬁﬁteﬁuﬂ@ﬁ@rthe

ﬂ%léhQW@ %He&hﬁr%QQ$% aeaebgagdoklggggilggaétQ%rawbqg
I gure 3, the rail each alr are arrange

@6cbﬁaﬂ09ﬁebﬁaﬁe§ﬁé@€|veTBé§t§C§G4thPéO§P€€rH3FPve|y

fleepesedail naaddien eetirarapacaubeli nbobeh&echaialdy a2@2t rails
gﬁg nmore particularly are in nutual alignnment. For

nple with reference to Figure 3, which shows the
free ends 206 of post 204 extendi ng above the surface

ﬁq%e%gugt dﬁf%%%n oﬁP&O fe%ﬁfgs%a@ﬁfo&e%fe%qe%fe@acal

connect e e sane rail
zoaneﬂprSem@w bﬁnPéPWéé@ﬁngtpéhﬁ ePrpeift 2668 sc adpragh

tenbhetet-heranail 20215 rFor thembakl, Rakr spkhug wher 212
phot ovol t ai c tlle 10 is. nounted on_a base tile 100

PRE Per AFRAPSSIB ard §ob8PaFﬁquPﬁl§Yf6 gPgnector.

gl eetrhibeakky v¢otpledonnth tpes 98204 yobe dirbfrddedt with one
rall%réoépkﬁn% %%Ekac%i%alﬁs which contact the inside
surface of the hole 214. Indeed, the inside surface of
the hole 214 may also be provided with complementary
shaped recesses for receiving corresponding sprung balls.

This will provide a snap-type fitting.

In the connection system 200 shown Figures 1, 4 and 10 the
rails 202 are arranged in pairs. This enables respective
rails in the pair to act as a nominal positive rail and a
nominal negative rail. Further, as shown in the above
mentioned figures together with Figure 3, the rails 202 in
each pair are arranged so that their respective posts 204
are alternatively disposed in a direction parallel to the
rails 202, and more particularly are in mutual alignment.
For example with reference to Figure 3, which shows the
free ends 206 of post 204 extending above the surface 104
of a base tile 100, each second free end 206a in a bottom
row 201 is connected to the same rail 202, with each
interleaving pair of post 206b coupled to the other rail
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Figure 13 (ignoring the phantom connections 260 for
the tinme being) shows an equivalent circuit of the
connection system 200 where the photovoltaic tiles 10
are nodel ed as 4.5v voltage sources 10m The rails
202 of each pair 10 provide g parallel connection for
the connected tiles 10. Thus one base tile 100 w |
provi de three independent "banks" of paralle

contbet zdifi bed r10ThTsewpair & photavbdtais dAadebadelis

ghﬁtganaﬁcg bgs%0% Q%DQQ@I@aep%b&ﬁlaglga@@san@n3o of the
ﬁacent base tiles 100. Thi provi des an exten ed 15

a|ﬂ8|aé@nﬁéépwéﬁCéﬂlWhéOppﬂég Yath BR§tENEYhade

HhE@éreﬁeoraHQ@ewea A @ WeAOr pwaki.ation the

connection system may be nodified to provide a series
connection between the three pairs of rails in each
Pagerti & 1QGnblungprbei dhagtoa sennestdomselwilofoaf the

ree I I -
LILECORINES Bl SmaMERk et TR o8 Wl tiotyrie
Sagéemeﬁoﬁnngmalwéﬁ Bhologadhadchéd e é e agrdmockeed as

gam® hasea bkl 8oL00ks Thks Thedepiiakedoby dehephaptam
connections 26Q_in Figure 13. 25 In_the connectj

BYSVeRr260PaRa 148 Ls KEWR ST LePg drgs the §onngct Saiu S16=p2 10-

Th@sfbﬁ@ ?ﬁ@eZ?@l@fl@@ﬁ&l%QSbrE@ﬁdeXtam@& iabeyernideat
rface t he S [ 1 f

268“ § pngpéégqénahcgnPFFtlﬁg%if% t 0 end E% pa8%s §1rails

eheohei baksecgrniecciooneand twecloamesglonddmgl prg ref o& 3ails

ROE égggﬁkc %%%et{QesTH%Oph%%qgogk%bﬁd%'|%n1%25%nded

rovi hrough hole termn
@ﬁ@ﬂﬂ@étp@ﬁn@ﬁtﬂ@@ phottdeoltidies ti0l @1lpnd $hgedesicnddles

P@Ptgﬁ%%%?%rdghag|nh%b%rga%ﬁafﬁ%h @h%f%b?&bd&ﬁb%Es@%tem
itting are described in IS specificatio

HeWePer "PRdLd kit 8F v dené éFF%ﬁ%|CO%%ﬁﬁﬁ%9nag€tﬁﬁ§P the
ahye@tbaﬁrgpacl&bdl@oﬂateu@hl@as@ftﬁubtu@@ +hls p2bFiding

perforns the sa f ncti on t 15

3e§8fﬂﬁ§dCﬁ@?&F&&Pﬁe?%baﬁrg %g&%%eobe useg'ﬁgfﬁ %PﬁCted
tiles 10 (which is equivalent to all of the tiles 10 being
connected tpgether in parallel with each other on one and
the same base tile 100). This is depicted by the phantom

connections 260 in Figure 13.

In the connection system 200 and as shown in Figures 4, 6,
8, and 10-12 the free end 206 of each post 204 extends
above the first surface 104 of the base tile 100. The free
end 206 is provided with a fitting 216 to enable
electrical connection and mechanical coupling of a
photovoltaic tile 10. The photovoltaic tile 10 is
provided with through hole terminals 28 and 30. The
construction of the photovoltaic tile 10 is described in

greater detail later.

Four different forms of fitting 216 are described in this
specification, however those skilled in the art will

appreciate that any other specific construction of fitting
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enbodi nents the present invention. 5 One form of
fitting 216a which conprises a plurality of resilient
or resiliently supported radially extending
projections in the formof fins or barbs 218 is shown
in Figures 4, 6 and 10-12._ e, four fins 218 are
shown evenly di sposed about the free end 206 of the
post 202. 10 Each fin is formed with a rounded upper
ghéukter RROfamts téesprigg fbhasédnoaswahg efbrRamgdss

éQécrgﬁgh héreﬁggft%kn%aglgfc%BuQ%e”E%e@s%@ Fitadicgdher

I nwar Irection against the spring bias to allow the
erbedéngneee ths B§§§epﬁréﬁﬁﬁntlpﬁr exanpl e, the
through hole termnal 28. Once the free 15 end 206 is

dth h tor. 28, the.fi 21 .end
BES: SPFP 00t At 1B S0CPoNBGFoa CERPERGeAnd PIEFPLLTY of
kemﬁﬂisutfa&erbeaﬂﬂenmlqn@uppoxt&dkeadhedﬂwleakending
%ggbggklo gntQ%e %r %% %?nszg T%%r%'”%l%lgsa%%%wn in

fechani cal coup Ing tore
phatwes| tai ¢ enlde 10618n tH@rEaséopmlélB@021ﬁnaéﬁdéhown

EQeHﬁghQE% %Eﬁ %%B%Ea%%et%%e%h%h@VQb%abQ Eh%ep%@tfﬁ@@
fins 218 nust be pushed radla

bk B ioada1 SSETERe VB g FCONARCOPFBAE EAGULdeE 220 and

gel b@@tlhgebiatsléay oaﬁw@rac kbrfB@hleb@oatC 2oal.e Thawi ig,athe
%I r smal ler th agh i nn i aneter e, &
AP o3P, SRR e roant ab,239%iad; 3PFEE Birktisn gpains
the Bpeengn@1a%0$otalﬂpwv¢@e dreéegeed @@6ca9hp@ﬁﬁnghﬂ@ugh
ggroggghéﬁ %% p?%&%% ! oﬁetkg? %QalFQ@ureO%%e the free
Sécond 2

ept c orm COITprI Ses
ehd 28rbilsaress el t@r@@g@wtmr @@@nz.@&opfoﬁﬁed thgpddns 218

%Q%eﬁﬁe%aﬁﬁgl§96o%&w%r@0%§ %Q%aoﬁn@faat@?&@%@da%@pt%%lr

that can screwed onto the threa e ca
é?@erl§uﬁ§é€efP8ﬁF§nO§Ié@@rF@&FIVaéﬁn& @Fﬁﬁ§£ﬁ3t§9 act
kA tenehevakiratingn, 2isn order to mnim ze the risk of
the ingress of - 17 water and possible corrosion to
both the fitting 216b and
The fins 218 also provide mechanical coupling to retain

the photovoltaic tile 10 on the base tile 100. In order
to mechanically separate the photovoltaic tile 10 from the
post 204, the fins 218 must be pushed radially inward
against the spring to an extent that collectively they
circumscribe a circle having a diameter smaller than an

inner diameter of the terminal.

A resilient cap 222 is fitted to the top of the free end
206 to provide a degree of cushioning to an overlying

photovoltaic tile 10.

Figure 14 depicts a second form of fitting 216b which
comprises the combination of a screw thread 224 formed
about the free end 206 of a post 204, and a threaded cap
226 that can be screwed onto the thread 224. The cap 226
is made from an electrically conducting material. In one

variation, in order to minimize the risk of the ingress of
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the termnal 28, the nut 226 may be forned with a

blind hole rather than a through hole. 5 In a further
variation or nodification, the nut 226 nay be

enbedded or carried by a cap 228. In one form the cap
228 may be forned of a transpgjent or translucent
plastics material. This may assist installers in

lining up the nut 226 with the post 204. A water proof
geskri antheokeiimlef colrals 0y itrgbewap ahso fhétémsedddd and

%ﬂeatgghﬁﬂgUSQ@fa%%eoﬁu%h926c%ﬁy2%§ foonkdr Pidhs@alb1ind
gainst the termnal 28t revéent the ingress of

ﬂﬁ@@rréﬁathG§aﬁlﬁl&Pf@uﬁﬁe £il8k of corrosion of the
term nal 28 and the fitting 216b. Alternatively, t he
5 res

be f
T or FAF CRerqUPd 16 108000t FORIFALERar vl rS: PO 675 FiBY be
émbéddgde@ccarhaeﬁhby anba@lﬁéﬁt ﬂneohetﬁbmgtzrﬁe cap

%Qgpﬁ t% roed En%tE a@e&%db?|k¥a% % '%gplastlcs
236 BhrER

Spri n ext en rom opposite SI es of
ma@ereﬁd 2o@hl§n@aa aﬁanﬁtoﬂnéwééﬂﬁwéaumylé@ﬁ@@bﬁ&nghe nut

&lz%g%&%hZ%%eS@%%%d 2@@oveA W&%e%@rrb?ﬁ %%@1 The tfh|engf%rr§1 of
32 are resilientl ported So

§Br OngLREdmay ¢ Tondbd r06RER & ﬁe#?motﬁ&mpégéyftaﬁ@o&&hthe

bﬁ@ QQBQUQB E@k@.be@@bﬂabgaansfhm&elmeZﬁlﬂbdeQSIQO prevent
Ie a photaqvoltaic til to_a postt% %&ded

lggFFFFIﬁ YPEET PRE Pﬁﬁepéni§ﬁzgre Sp run
anaDSHpnasftmeeph@Kmu@bﬂaQ@ einde the ﬁstﬁu@@eéléhto

%er&%ﬁ?v@ﬁ 2@%3 Eﬁ%l%%rbggsgé%mﬁ%yd%fl%%E%%d of a

ownwar arin I'S proc en the tile 10 has
E@éﬁ19§§ﬁe@a$@rd@ SO that the fingers 232 are now
clear of the term nal t hey rel ease to spring
out war dl n ond t.he |nter

SLPRE Lo h%ﬁict%)étae%wét % G336 1Op Rl & o5 TR Tgn 216¢.
Hhethm@eémbdalﬁbnthetmboﬁdwmhhgiQl%mleomy}lwasthaeeby

N R e
extends from opposite sides of the free end 206, and a
pair of electrically conducting fingers 232 spaced above
the spring 230. The fingers 232 are resiliently supported
so that they may be sprung radially inward to enable them
to pass through the through hole terminal 28. Thus in
order to couple a photovoltaic tile 10 to a post 204
provided with a fitting 216c, the fingers 232 are sprung
inwardly as the photovoltaic tile 10 is pushed onto the
free end 206. The spring 230 is deflected downwardly
during this process. When the tile 10 has been pushed
down so that the fingers 232 are now clear of the terminal
28, they release to spring outwardly to an extent beyond
the internal diameter of the terminal 28. The spring 230
applies a bias on the underside of the photovoltaic tile
10 to thereby assist in maintaining electrical contact

between the fingers 232 and the terminal 28.
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Figures 16, 17 and 18 depict an alternative formfor
fitting 216d and correspondi ng alternate form of base
tile 100a and connection system 200a. The fitting
216d conprises a threaded bore 250 provided axially
in each 5 post 204a and a cor%§spond|ng t hreaded screw
or bolt 252 having a shank that passes through the
electrical termnals 28 and 30 of a photovoltaic tile
FaguTke flicttillgan2l6d depd opr evi dé telreettrivealform for

%9%%%%? 9R ghebween. SEQ%spB%%H%ﬁggﬁ%F%na%%ef%QH?QQ'kﬁ%e tile

connecti on sy stem al so nechani ca
d60ar ehg pﬁ@nteuqtéoro sié SBagd Ogi-| dheodatting t2H16é1y form

Q%mb&&s%%n%e%hk@%d%ﬁSE%Esz@@ theveleet kixgall 1y 1n each
conductors are in the form,of g%{ es 202a rat her

Popte 2065 2Tt G e TS S b Caan SC By oLt 252
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Con I gur at hown i n I gures % g
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hi eved to prqvide greater output 20 volfa
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.FWZO %‘ Clﬂl teh%fpgxﬁ C%%Ztée RS %ﬁ%sorel'e'?:tt%r c% e%%nfe'ctt-ion
ress or interference fit can also provide an

alft sheaPesEGNROLE 6@ Fe CNGFIOEHZ Srh ERE e BHi P& IV den 2

efle ¢l iclamped ikativeem e ikes %o@'fq.gm%ttlt(ﬂl pr};@w d&aaidle
el ectrical connectio | f de%lred t he cavi ca
B SO 164 TR o L GG dPal G5 hes: ponmection OF a1l

YabitatioQrt atie ﬁhﬁfﬁﬁhﬂﬁlﬁﬁﬁblmhﬁﬁﬁ tvlod tegrd uetorce sarndm in
e SEMAL WE S5 IR IR AORLSIE HE e
coiftiagier. aflihen wide swintaly tse qoostesthes] do theheasdguibved
%%ihEEQQgI%re%ﬁgéing. When this form of the electrical
connection system is used with the base tile 100a, a
plurality of bosses 113 may be formed on and extending
upward from an inside surface of the bottom shell 110a
into which the posts can be press or interference fit.
The press or interference fit can also provide an
alternate connection mechanism, where the wire is in
effect clamped between the boss and post to provide an
electrical connection. If desired the cavity 116 can be

filled with an encapsulating resin.

In a variation to the embodiment where the conductors are
in the form of wires, the wires and posts may be pre-
connected to provide the desired circuit configuration,
with the posts held in the required position to enable
connection to the photovoltaic tiles 10, then encapsulated

to form an electrical connection tile that can be dropped
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connection to the photovoltaic tiles 10, then

encapsul ated to forman electrical connection tile

that can be dropped - 19 into the cavity 116. As an
alternative to encapsulating, the base tile could be
nol ded about the pre-connected, wires 202a and posts
204a to forman integrated tﬁle and connection

system 5 In yet a further alternative the electrica
tohduther ceantybélién Beeahomiteftnehéver tppeacapsulating,

EHQdﬂggév€1Eéaggﬁlﬁoﬁgeﬂoggedaaﬁbﬁﬁutheb9§édcoﬂhEGtEBe

pOStS subsequent dere brazed to the circuit
pozed. 2FRa @@erO§5ﬁ £A4a be §psppes iptpeArstedetile and

cea¥ht¥+1d6. sPsiker.to doing this the entire board can
be encapsula ed for exanple in a resin/epoxy to form

an el ectrical connection tile that can provide thernal
EﬁsybataomutohekhelbasEathbe tBBac1¥henithé postisc204acan

. U |nconn
%83%3 g grge na %%I%g ﬁ% %Eggo é%kggg éé?%egﬁgm g on
ansndeusUrbaeed,oWlthetb@tp@ﬁt§héubS$ggeaﬁéYtﬁ@ldﬁgﬁdeor

595&@§et8fthgec&?€u1§h%bhré20ThEnbEQk§ wWay Eﬁ%np%%taropped
can a rovid nmechani cal strength to the base ti

ipbo QDGVﬁéﬁlFﬁeléﬁec?FP€§lt@oﬁ8&890F§l§réh?nepﬁérﬁopﬁ?rd
@En“béeén@épsb&éﬁ§§ @B rac&hfmplkt ihoar desanpkbBRit @by form

I l t d I
Rl 6LGRACE6rg EONBoRheePor 208 and 3 0PRay e tiemmal
ahtathedohofoppadket bacrdsidk 1Dhe. cWhealthéopwedSb?O4a are
thgdcgﬂngﬁkﬁgngkagﬁ %&thr%ﬁésfaetgﬁggaﬁﬁkbt%E% ﬁSStF can

F&Ctiic onnecti on bet ween connecti on syste
adj medat ofapelleng0d. tmhﬁkéeﬂﬁeb§§§§§nzﬁhea#@5é@§c§W§ééce

e@dthelﬁékﬁehegh@§l @&beaﬁunghee&aga@bc@héﬁak@ bfSthe top
corresgon ing rail 202 this 30 need not be the case.

FBELeéx ﬁﬁlelntﬁ€160§?§ 58% Ry texCeRdadrRgBRarTy Sof ,
REchAnt Ba1safecpb@ne tas thehdakai ks 1e2020.Addi tional |y,

there is no requirenent for the posts

When the electrical conductors are in the form of wires or
tracks on a circuit board complimentary electrical
connectors identical or similar to the male and female
connectors 208 and 210 may be attached to opposite ends of
the circuit formed by the connected wires or tracks to
facilitate electrical connection between connection

systems of adjacent panels 400.

While the posts 204 are described and illustrated as
extending perpendicular to its corresponding rail 202 this
need not be the case. For example, the posts 204 may
extend diagonally of, or in the same plane as, the rails
202. Additionally, there is no requirement for the posts
204 of a rail to extend in the same direction to each
other (i.e., to be parallel). For example if desired
alternating posts 204 attached to the same rail 202 may
extend in different directions. Further, the posts 204 may
be provided on both sides of the rail 202.
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204 of arail to extend in the sanme direction to each
other (i.e., to be parallel). For exanple if desired
35 alternating posts 204 attached to the sane rail 202
may extend in different directions. Further, the
posts 204 may be provided on,dath sides of the rai
202. - 20 - Photovoltaic Tiles 10 Figures 19a-19c,
depi ct one form of the photovoltaic tile 5 10 that
may be used in the solar electric panel 400. The tile

%ﬁoggggpkggg @igggrh@r tile 12 and one or nore

. The carrier tile 12 has a first
side 18 on which a recess 20 is forned. The
PB@EQ&@'H@EC19@¢|B&plétabﬁefgbﬁﬁdo@ %h@gbﬁoQ6Wlebu@htlle

nmensi oned 10 relat| eto ess 20 t
%ﬁetFéEeQ§Y2§e RSefovr éﬁa?@lfé 8@ &§ Pﬁ@glsiﬁb The
pmméovolbampriebbsaléaamdemamllbelgeahddohe tlremore

e N thls rticuyl odi h
SHE LIS, 1l b oo Lhpet, (qmiodrmt L
asdehé8canrwéﬂ0h|BerﬁzeS§n60|S$|ﬁ%ﬁaﬁdsedTﬁ@ Pgoﬁﬁﬁpltalc

E@?l%dgqsagg thenrhatke s16adyhhe (hkenl? sab@nedsioned
term nus. front or exposed face 22 of the

EﬁéﬁéﬁﬁﬁtﬁpctbﬁléefﬁsﬁszopF8v§§é§ Wit g F@g?s§u?pace
%6veEh915@éna%l@ﬂe@nlbﬁetZQ bh@toguntaae 241i1% 14 and can

chi ev t he thi h It
Ber PRS0 the ol soaiieal By IEnd eand S01 P tet indn
amtedtheot the cewexspzateaﬁ@ paevsdbﬁganhealdavéhe same

@|%E r}gtwgghtﬁe %&rﬁ@&eEig%rﬁ@cean%51@h§ﬂxkgﬁo%%ba
el"'ectric panels are used as a roof vering on a
kbasetbe @ﬁn@s @ﬁut@ﬁn@lﬁﬁ@ plhoeddolithgi ¢1lei Ile f@ecar-
be padesto have a slate-like appearance, i.e., a
slate-like colour to blend in with surroundi ng houses
and buil dings that may be provided with slate or

shirrghe 030ekpolked Fhice mRY offe tachipdvedvioy tharmitiget he is
%%é%bﬁ%gg@gl ;?C% a% %h%%%cgléﬁ.co%%u %%EHB%D@%V%he
flat surface 24 is achieved by forming the thickness of
the photovoltaic cell 14 to be substantially the same as
or less than a depth of the recess 20, and providing the

cover plate 16 with a flat upper surface.

When the solar electric panels 400 are used as a roof
covering on a house or other building the photovoltaic
tile 10 can be made to have a slate-like appearance, i.e.,
a slate-like colour to blend in with surrounding houses
and buildings that may be provided with slate or shingle
roofs. This may be achieved by forming the carrier tile
12 of a slate-like colour. Additionally, the photovoltaic
cell 14 can be formed to be substantially clear so that
the slate-like colour of the underlying carrier tile 12 is
visible through the photovoltaic cell 14; or, by forming
the photovoltaic cell 14 to also be of a slate-like
colour. The cover plate 16 is made of a transparent

material to maximize transmission of solar energy to the
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cell 14 can be forned to be substantially clear so

that the slate-like colour of the underlying carrier
tile 12 is visible through the photovoltaic cell 14;
or, by formng 35 the photovoltaic cell 14 to al so be
of a slate-like colour. The gover plate 16 is made of
a transparent material to maxim ze transm ssion of
solar energy to the - 21 cell 14. This al so enabl es
thélsll4t eThike adsboenabf eshésheundetkeyilagec aodiosr ©if] he

ﬁd@?qg pggkgxglt%hﬁeCleaﬁé/b§ pﬁb%bQBQtalc cell 14 is

eret Edges of the cover plate 16 may be
§é§P@éet§h§r§§PWSH@Pal edge of the carrier tile 12 by
use of seal ants, adhesives, or ultrasonic melding A

mer edge. or strip 26 of the hot ovol taic. tile
98ﬁ % %@8n§ PYFS & aFﬁe16oW§§ g&gé G} thocgvgﬁrlpheral
pHateof6the tarmedr wifle d2cbyvedeopfr seadedts, adhesives,

Lo Lt 4isPelieved that this may assist in
§ed§§t%§%5%?%ft S3FiPRe effect of uplift in windy

conditions. 15 In order to collect or otherw se use

ﬁ'@%&ékcbhéeg%Qe%%&%% 2%yo%h%hehgh%%QHEngl%ekh1%41o which
the photovoltaic_til provi de th electrica

p@pﬁﬂﬁaﬁsofstéﬁdl@MerTﬁ@get@ﬁn¢ﬁ§|goygraﬁ&a§@ dife 18 formed
ﬁh@ﬁtél@a&bﬁdc@@pFQQnWhﬁhcr@b%Ggéb%abnconHaCUS B2 ldrged
otovol.taic_t 0 spective
ZhaSutbors Ry BEeish, s og Y 138, WBAHET B prkarTaget of
apdi3@ is wintlye chodmtdfong.ri ng term nal which
circunscri bes respective holes 40 and 42 forned in the
photovoltaic tile 10. In particular, each hole 40 and
1@ or§lefroftReailA egtport Pbheani6F 18E EdrCitar Cilitive gpperated

Eh@o %ot%@oﬁle%o%%@Un1Mheth@cgﬁ%t%QolEBch%il@aﬂ@ is
8 are electrlcall cou% % their

Pé@ﬁéé@ﬂv@lﬁarﬁ#ﬁéﬁglfg a6 730 63 § &ttt de Mons
&@@mlnassby85@h@eangreD@u@@grhha;aqnsbm@abwomlmm.the
Pﬁgphoéggglkgh a%%ge3£0andh%4 %nkﬁ%l%h%%o%%Qt%gca%qle 14
by respective conductors or bus bars 36 and 38. Each
terminal 28 and 30 is in the form of a ring terminal which
circumscribes respective holes 40 and 42 formed in the
photovoltaic tile 10. In particular, each hole 40 and 42
is formed in a portion 44 of the carrier tile 12 that does

not contain the recess 20.

The bus bars 36 and 38 are electrically coupled to their
respective terminals 28 and 30 by any suitable means such
as by soldering. During the construction of the
photovoltaic tile 10, the terminals 28 and 30 and the bus
bars 36 and 38 can be attached to the photovoltaic cell
14. Recesses or grooves 20 are formed in the carrier tile
to seat the terminals and bus bars when the a photovoltaic
cell 14 is seated in the recess 20 Thereafter, the cover
plate 16 is placed over the photovoltaic cell 14 and
sealed onto the carrier tile 12. Thus the terminals 28 and
30, and the bus bars 36 and 38 are embedded in the
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bars 36 and 38 can be attached to the photovoltaic

cell 14. Recesses or grooves 20 are forned in the
carrier tile to seat the termnals and bus bars when
the a photovoltaic cell 14 is seated in the recess 20
Thereafter, the cover 35 platge, 16 is placed over the
photovoltaic cell 14 and sealed onto the carrier tile
12. Thus the termnals 28 and 30, and the bus bars 36
ahdtesoéteiewbédeedoibthey-022beén@t@a@ﬁwép@eﬁib@tw@en

SW@xveE eLRg §@anuc%%@ bgtween tthe gover plate 16

rier tile 12. Figures 20a-20c illustrates a
second enbodi mrent of the 5 photovoltaic tile denoted

a3 qt@Bs QOaWQD@hlﬂﬂ?s$@€Qesr@f@é@@ﬁd @m&baﬁ&e?&eo&seﬁe
eno sane [T eatur.es aren roma
BB aPPLEALET trth PT o Pas 2o dDRee TnahiFyg the Sand

eeﬁedeneataumberweayesusehamoadenaceomhengamﬂlieﬁh@res As

?'fggggggﬁ% Dokhese %g?%ﬁ%%ﬁ”% Wil b he ﬁ%%%rh?%d19%0the
ence t e mal n 8 erence Dbetween t I ments
tgo ehhpdinenteverepvary s4miparhanghecevsiiage opillye the

é@@fb%ené€§|E%rtﬁ%@e'@mB@HEh%HE@rwhﬁldbgea%b@&ﬁ@eﬁo
seat in the recess 20. As a consequence of this the

recess 20 is nmade 15 deeper with the conbined
trhi ekBessecoththaacaven fFkatactbbeandehhe hphehdvaliagnts is

4 b b t he _depth of .th .
FBetsSha0 oThro i8St 16 TR ERE BROCOVGILARE Ttife 08ats
Bmamﬂamnang tihe phlrati cupper isudfiaees24ngesctri Isedt dbovde
EgcgggakbonAgo t?%n@%%h%%%lt@ECtBHEet%QBreé%§% Z%Ols made

ecause the cove is seated in the recess 20
trepeeurisl @heb@@@bé@eﬁréhpp@n@ﬁStﬁé t&fe Coddge P26 teF 16

the %heephéQBqutaqw %%QE'@de@&nbhﬁb@@Ert@% %bh% 12. the
The termnals 28 and

the bus bars 36 a
§§pEﬁb8§d§BelﬁeFﬁéspﬁgtongFangPﬁFé i@Btgﬁ Epﬁ@vo taic
enbedded mamdtﬁﬂhengatth&ﬂatlwp@ekdedrﬁacbhé4CdESbeﬂbed

%bkgﬁéﬁhoggﬁﬁgﬁé% o) th%h%h%%%@bﬂ%gicz%lﬁgdl%% a%ﬂs%
because the cover plate 16 is seated in the recess 20, the
curved of beveled profile of the lower edge 26 of the tile

10B is now provided on the carrier tile 12.

The terminals 28 and 30 and the bus bars 36 and 38 are
embedded in the photovoltaic tile 10B by being embedded
and more particularly molded in the carrier tile 12. For
example, the terminals 28 and 30 and a portion of the
length of their attached bus bars 36 and 38 can be moulded
into the carrier tile 12 during the formation of the
carrier tile 12. However, a distal end of each bus bar
extends into the recess 20 and is left free to enable
connection with the photovoltaic cell 14. The cover plate
16 may also be made of a transparent plastics material.

The operation and use of both embodiments of the
photovoltaic tiles 10 and 10B is identical. According for

the sake of simplicity the operation and use thereof is
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| ength of their attached bus bars 36 and 38 can be

moul ded into the carrier tile 12 during the formation
of the 30 carrier tile 12. However, a distal end of
each bus bar extends into the recess 20 and is |eft
free to enable connection w the photovoltaic cel

14. The cover plate 16 nay also be nade of a
transparent plastics material. 35 The operation and
dsecofibbdt heerbodifiremt wich trkéerphotovol takc tiillked 010nly.
and 10B is identical. According for the sake of
sinplicity the operation and use thereof is - 23
déserebéd héleshaptes @t Brravepénéeles ehectirtie penels

Q@bYandegéb%rg%pbhbﬁﬁbr@E%éyaﬁfabh@YoQBl%@h@rtlles 10
el ectric panels 9? and a corres ondln

SHEE VO EnPBaL FPUELE0 5 Coger PYing CaNd Ceasoran vE igh
bomﬁrséeuetpﬂeraaatwhbfhpa&aﬁﬂe&seoafpkaﬁ&bmﬁy3@6 As

L1 el f _
BRLOLL B (oAb ralbens A hscoceviousty descy bed
gndeekyieng toornesipdrdilygngase reeseontdoy waiseh tildesudR0

7bs chashe @ﬁc_lnt ar*eh %a%r&@%@by kg thaf Leke r348ng10 Heeks 343.
2 (see fig. 8) m | ar tqg_conventional sl ate hooks

@99k§e39§ed5ﬁﬁ ﬁé@uuﬁédSﬂwlﬂaFtﬁ@rcﬁ§§ﬁ§ﬁlpﬁal slate hooks
suppget LBgd amd rbejdireg @@wmu&hae@h@%@u@htamcSmpbestlng

S02:B81AT8% B TeosbhoBBvoliAe Powi80d thei ng

| ower nost. Successive rows are staggered by half a

Eﬁgt ggskg;@ &t‘a' ' et£gevg,ﬂ qih oLl }a 8 ehO hh%u%@% YN o s

row par over i es
éépaéénb umdérﬁ@mn@2ﬁowelpgrlO@ﬁéWpBé tﬁ@CCGSSlVG rows

@'i}%t Q‘ﬁ@tgb@'r%dt b ﬁa!& N phide okewradk Q\'it/%%' @ 2Qdihe

phot ovol'taic ti in"the row 52a.

pelefrdiraiPy t h@hé“ﬁﬁé@&@&@téF@ -t FE& 6T n 2a oGk TOv
pawtiavekl beepartisoand4dgkcthe nh@b&ﬁqhh@IQOMIle$oko

I n_an rlying r Thi s .arrange ;
ﬁﬁ&PB&SVthS %%ngv a&F03|3§§ ?% lPo%P‘ sEPUCctEPe AT 1E
whehpaotoebltaever itigetshdl 25 has aogedidst.r More
@BB%%E%@%?l?ﬁ %h%l%h%t%%o§Qqul%iﬁ%%flo in a higher row
overlie portion 44 of the photovoltaic tiles 10 in an
underlying row. This arrangement of photovoltaic tiles 10
provides the roof structure 46 with a roof covering that
has a geometric appearance of a slate or shingle roof.
This appearance is enhanced by the slate-like appearance

and colouring of the photovoltaic tiles 10.

In their simplest form opposite longitudinal side faces of
the photovoltaic tiles 10 are flat and abut against the
side face of an adjacent tile 10. If waterproof sealing is
required a bead of sealant material can be laid between or
over the abutting surfaces. However in an alternate
embodiment, as shown in Figures 22 and 23 opposite
longitudinal sides 54 and 56 of each photovoltaic tile 10
can be formed with sealing structures or components which

when mutually engaged form a waterproof seal between
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Thi s appearance is enhanced by the slate-Iike

appearance and col ouring of the photovoltaic tiles

10. In their sinplest formopposite |ongitudinal side
faces of 30 the photovoltaic tiles 10 are flat and

abut against the side face_q£4ap adj acent tile 10. If
wat er proof sealing is required a bead of seal ant

mat erial can be |laid between or over the abutting
sdnhaees pHowevel tencatiidetselfatle asybpdirierulags row 52.

g%n En %hgu Z§e2%6a%% %ﬁ RQ%bb%l%élEo@QUEUan%Bn
es jf eac VOtaICtI 10 can be
feagﬁg@ #heh fesa engestr Wéttﬁr é@eorloaaﬁﬁaﬁléﬁtaé widen >4 of an

whenceHtughby cebaaased tenm aowat @h@@og\&ysgél abeltlm@a in
24" adj acent @hotovoltalc tiles 10.in par?
SGleESL OThaE PEL WRYSs| d& 56 SEATBNE p SEBv ePiFES a

k@oeanseemgageo&nd tdﬂ&laOSeatowghhpbhelbnngMLu@h&ab the

gSchede%g %ﬂt pg%&% hﬁ?h%lt|E%E§% SEh'%Fn%%e

severa
Engaré6221depacﬂ9n@lt@d@9@ls@@ﬁléﬁt@ﬁaélwiE@tﬁ@dlng tongue

HrQHQ@ @g%%'?ﬁt%4th@h§r%obgean%'%%r%é bss%%ﬁ”%@éWe%ch
a longitudinal groove de 5 th
Fanght aétﬁapaaﬁérq arerapeyeakt ARG Ry 1Poﬁ@@é1r65?3t f&e side

f5l4t § sl rbemkhe wﬂ"t@oﬁe 1ane rhongs cateaak ngherewsth o f1Gnknhal £

e atlve ngenent s in.ftig yre 23 the side
GRRE T Svioth -he SPBEATRy Enendir 1 fPd0 O DHena
ﬁah%h Whehthhekmaséa@b the phdtlevaheaisddei 154 16 amdvided

%gnglgg g%%tgkkhlago %UVE%%GO%4haW%'%%.tQ%l%' @ss of

rov npl enmentary i p al'so o
habfphhéowhﬂéhn@s§ldﬁ 19 e éﬁ@ﬁ@v@ﬂﬁélé oiot& or segface

U U%Bev‘”ctagré eQOttth@ 34r 3¢ %ha%f thide sGakr iser e logel? so
at the side 56 one photovoltaic tile 10 can

@@@FPW@lﬁﬁéCseréeséooFa&n ovgdildCertSpRdtEvoltt &fc 3 | e
10jhecher phatwaterprieofigeallo the raeal angatkiretodin seal.

th ar nhanced b 20 _t he.provision
IR en sBann Mo Pe tecinar CoLre M RgemEgtSnatuedr AikEn2ld by
ttargpeovisdnt gfoone 5% m@reheubbestseﬁéSaﬁée@ctlng
between the tongue 57 and groove 59 in the first instance,

and the overlying lips 61, 63 in the second instance.

Figure 19a depicts a photovoltaic tile 10 with eighteen
photovoltaic cells 14 arranged in a 3x6 matrix. The
specific number of cells 14 per photovoltaic tile 10, and
the manner in which the cells are connected within the
tile 10, as well as the number of tiles 10 connected with
each base tile 100 and the manner in which the tiles 10
are electrically connected is dependent on numerous design

considerations. These include, but are not limited to:
(a) the nature of the load to be driven by the
photovoltaic tiles 10, in particular any minimum

voltage and/or current requirements;

(b) the shape and configuration of the photovoltaic cells
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and the overlying lips 61, 63 in the second instance.
Figure 19a depicts a photovoltaic tile 10 with

ei ghteen 25 photovoltaic cells 14 arranged in a 3x6
matri x. The specific nunber of cells 14 per
photovoltaic tile 10, and 1hﬁ5nanner in which the

cells are connected within the tile 10, as well as

the nunber of tiles 10 connected with each base tile
100 ahd themmmnfectiumedhieoh thw theeselds3Qaar gessellate

elec;éhcglkgr99g$egggg hs.dgpgndent on nunerous design

consi der at 1 ons. hese i nclude,” but are not limited to:
(a) the nature of the |oad to be driven by the

ROt o¥akt dir¢etitkes r1@nhaidBwRakt beukakeany 1mi.ni num 35
vol tage and/or current requirenments; (b) the shape and

configuration of the photovoltaic cells - 25 14 as
w&muéaempﬂed and thewetvea tc ehlas eaﬂateg&ebﬂatdOOomn@ thus

%er rl %r tt vg(:ilgalc qe(sc)lot Igl?c eft:f e%tes tﬁ%dg)‘@o%qd%n a
anple i i the event: tha
parfiélisci400 awd telygs tot ke iyikorovolmanc indoes brrigh énverter,

he ﬁ%equg g&@étt%e tnS4f fingl et 1%0htage Lo Ghigée and
0 t hat

common rid |nverter it is approprlate
CRENGETES 12 @em@m&ﬁgé@ REQ WG SC Gn HESEEYT F{O&tﬁ@ﬁnén the
bR dRROGHC 88 RRXItRUM Cehisage ri IIotrh%xa@llpd%r aOfty;b&Qal off-

| t f ff shel f
Bl 2Rl 081 0L XS B MBS 0L et ShEhlces o
maxumumlwoﬂtage off appmwmmmate&w -5 off a wolltt.. THéae

r%% g&%%%%% g dependent R0 }@g 22 @ A e the

I'm order to gene cl éar Y
@eﬁdwbeﬂnoﬁrd@élﬁ§ E@nﬁé@&eté8@ev@éﬁﬁecﬁé@aﬁégé@héﬂ er of

IR 1det eumRiRd + o RR Beshatavd @ Riceduse avoldeademlhing
approximately 180 volts one_needs to consi der

Ehaapests ¥oBeifeFOREY( B) YRAHAAG &TI &PgE *4r'Ee Nilth 180
pBatevehtane el ks comrgeieed t radies@itifes baltivelentay
adversely suffer fromreduced power

(i) having a large area with photovoltaic cells connected
in series which may adversely suffer from reduced power
output if one of the series connected cells does not
receive full illumination due to the shadow effect (i.e.
due a shadow case by a surrounding building or by virtue
of foreign opaque objects such as leaves and/or bird

droppings) ;

(ii) having a smaller area of photovoltaic cells connected
in series which is less affected by the shadow effect,
however produces higher voltage which may give rise to
safety concerns and produce a current that may not be
sufficiently high enough for the required load and/or

associated energy management system.

One specific configuration of solar electric panel 400
which appears to be well suited to driving a typical

indoor grid inverter having a MPPT range of 150+ volts
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output if one of the series connected cells does not
receive full illumnation due to the shadow effect
(i.e. due a shadow case by a surroundi ng buil ding or
by virtue 25 of foreign opaque objects such as | eaves
and/or bird droppings); (ii),having a smaller area of
phot ovoltaic cells connected in series which is |ess
af fected by the shadow effect, 30 however produces
lwioglpet ses| hige whkdbswawn@bwﬁeﬁi$®0¢@V0§ahéKytddﬁﬁeﬂﬁb
%QQaBr%%U%% %o%%ﬁr%%kfﬁggk g%¥ %% QQle Widlo GIHHd Yach

hi gh nough reqU|re aSSOCIated

ohetgy ortrdgeirdre dyfstame 0@@@@%@@1@ |C@ 1s 14 arranged

Gonti gunatsiean «@f o%@l'n%rct%lde%iaﬂ:lrﬁxpan@ﬂer%the\M&joﬁ%ﬁhectlon
be well suited to driving.a typical, .indaoo

GERE S vbRea s HaR g & IWPRTS arig @70t LEsae VoIS £ geovide
GORRHiRES c@lnﬁ@cﬁ&fdrﬁ%e&mmcteeﬁhhpmﬂ e ook avidlgsil0 tiles

%rra%%ed Brois é% [ =X %a%@?%olar e %t %éﬁ¥¥1400
¢ ¥

photovoltalc ne p otovoltalc ce
@moalmlg@ds airn oaltm@ Sf@rht@gec@lfn@m@xmam%y Mer it and a

%%tt' Q% %p?i% M=2Q08 shownjy Fi gyr %%nlqécac%gl%ﬂv%

use provi a series connection bet ween each
I@éaﬁh@tl@\%ﬂrtléi ®agialss 4000 tagetdeah 18 SeFiSFurat %ﬁput
%lqtﬂa%@l @Ifrf %'p@ﬁtdidl%aﬁ@lrl%) 1400 vloaPc@dlidcsesioaﬁe@wdaut If each
oltage .o pr oxi VO a_ _curre
KBisokid o) 158shipeis 85 i Faer g S RAE oo 2 a2
@h@@h@u@n@amél%O@&ﬂxﬂmgetWQEnlmh&emmeavaﬁfqummnf required
vol ta 2 6{?(3 %%OVQ) h%d sa%'o%éé%%rrlr{ h
each? g]base t%Eg&§ hus S& aF zlectrlc pane whete
£00e @ésth@I@@ﬁ@ﬁb@@aﬂtrGGO%ﬁﬂﬁﬁnﬁ tpd agiesh sgfdeq by
IQ¢f required to generate apprOX|nater 180 volts is
600x3000mMm where 15 five of the solar electric pane
400 are placed side by side. It is to be understood,
hewevero thaturddurstichd)othdueerean! yhagonfiiguriat imart the only
con%llglu%altnlo%r %%rs stl%l%eri%r %tr% Suftfol Cgle%rgrate sufficient
voltage to drive the inverter in question. Other
configurations are also possible such as, for example, one
where each photovoltaic tile 10 carries ten series
connected photovoltaic cells 14 arranged in a 2x5 matrix
and where each solar electric panel 400 carries nine
series connected tiles 10. In that event, each tile 10
produces approximately 5 volts, and thus each base tile
100 produces approximately 45 volts, in which case four
series connected solar electric panel 400 are required to

generate approximately 180 volts.

In a further alternate, each photovoltaic tile 10 may
carry say 25 photovoltaic cells 14 arranged in a 5x5
matrix. In this case, each tile 10 would produce
approximately 12.7 volts and thus each solar electric
panel 400 having nine series connected photovoltaic tiles
10 produces approximately 114 volts in which case two
series connected base tiles 100 are required to achieve a
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20 voltage to drive the inverter in question. O her
configurations are al so possi ble such as, for exanpl e,
one where each photovoltaic tile 10 carries ten
series connected photovoltaic cells 14 arranged in a
2x5 matri x and where each §c% r_electric panel 400
carries nine 25 series connected tiles 10. In that
event, each tile 10 produces approximately 5 volts,
aRd vbus eacpulbase tile 100 produces approxi mately 45
volts, in which case four series connected sol ar
electrlc panel 400 are required to generate

Apptbzi pRPrERy de8CnibELs co3d ipHratignsheachl Pérterveltaic

€36h photewpltais %‘ e k@ 1 Ry, o@abhbt%@%lzalc cells 14.
hotovoltaic cells arran%&d in

B s Ease reso R 691 6 (RSP B3 8 REnEdi Reddry In 2
I&r%h%@lb&r&ﬁdlbhu%aeacbhs@bableb&ctmndeSBOpam@Icéﬁ@rlse a

S%B&Egeglggﬁfg ol ovo i 4%%lah0%9%%h%a%%r%|l%ﬁ c%%nectlon

nately volts in case
Qetwesncmhﬁe@b@dowaééaupléslﬁsolﬁr@nr@@@bré@sﬁotlle 100

g%qh v Conﬁplel%% %b%n%%%ﬁ%h sb@t%%ﬁZ@QOW%plcﬁ§d in

esc guratlons each photovoltaic ti
@e@‘yﬁ:%eé ralpl apal ity 6RHh&ESFoltiaicc WOSds PEAIUSET RIS
'b%%?'u"te Folhljend fa%@)ptﬂa)l;ﬁm\é@%ll@g a.ef vidhe scelnlds.curtredt of
her varlatloq each phot ov tal tile 10

EERpPELEA 1Y myite AR St %H&t OPF & VEe AR O&%%WtaVOltage
pdr akl @leacennect voll t sbefowegn stelre eph cloomeldtaice Heisees 11@s
%@ee%cgﬁb%%% tm&%hzg %%n%% gqr n® Eﬁl%@esfow

Stio 1o and

connec n syst em I gur es

F3gueash ljased iliSe W@@mdb@ﬁ@d@ééeawoud@tﬁﬁp et d@de QftPUt

%Qrt%)é'e”%tfe |a¥>p4:*o§l\’t%|tteslya@d CHeRt 0l R ately
. Thus to achi eve_an out put ,vol tage

|a@§§pX}81@t\¢é|Yt S -floPfpSselitgs E@nﬁ&&l@d’% qqqpégtt vgl&age

bEquitr e@asW B0t RS 1eeNFRatty0 R e3Y Slse Mot csteun bakelGiles
Fiqures 17 %pd 18, each base tile would produce an

63.&‘ palequlre

The carrier tile 12 is described and illustrated as
comprising a single recess 20 for seating a single
photovoltaic cell 14. However, multiple recesses may be
formed each seating separate smaller photovoltaic cells.
Further, the terminals 28 and 30 are depicted as separate
through hole terminals in the carrier tile 12. However, in
an alternate form the terminals 28 and 30 may be formed
concentrically with each other whereby electrical
connection can be achieved by the use of a co-axial single
pin connector. Conversely, 1f desired more than two
terminals may be provided on a tile 10, for example, two
positive and two negative terminals where the terminals of
the same polarity are connected in parallel to the
photovoltaic cell 14. This provides a degree of redundancy
in the event of the failure of one connector, as well as
providing greater mechanical coupling of the photovoltaic
tile 10 to a base tile 100.
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vol tage of approximately 4.5 volts and current of
approximately 5.1 anps. Thus to achi eve an out put
voltage of at |east 180 volts forty series connected
base tiles are required. 20 The carrier tile 12 is
described and illustrated as ,gonprising a single
recess 20 for seating a single photovoltaic cell 14.
However, nultiple recesses may be formed each seating
separate snmaller photovoltaic cells. 25 Further, the

Egigggah§_28 and 30 are depicted as separate through

nals in the carrier tile 12. However, in an
alternate formthe termnals 28 and 30 may be forned
Fbrc bypeissaltly reiduicesadheotifeor vike calpudl getlitisgal of a
connection.can .he hi_ev b f cQ-axhal
§$ﬁépgo§8aﬁfnt&oﬁng@t8Pg€%€#éekgel?%%F é@gi?gd§#%rgvent

thar bwWgrouer Bifmahns rmay ree epbypiadeaddored lts 1@ e fstradowed
exanple, two positive and two negative termnals

kRetect REteetnthalts they fre da8meip6icar iofy tgngl toward an

%%%%eeﬁ%@ug%.p%ﬁghb%k 1@ ot BEHRROLAV AR ¢iG8Iitlde11 12
Thi's provides a degree of reédundancy 35 in the event

ofi llheekailltuia ¢heontetednwéaicorit asitmeltl ias whocdvitdiengell

reater., mechani cal coupli.ng _of _the phot qval t ai il emq. .

16 5 a hace trr e oron ey i9g Y g pRe B P R el o this
redu&es atihe ddrep grkaeupuietwalit agaoaf. a 5 photovoltaic
tile 10 and thus the panel 400 in the event that a

group of one or nore bypassed cells 12 are shadowed

t - .t in .ef I; . r
ElobE 26 AR o BRORRILRE hadle B0 CoA el
eahlral? t ywolfl phesipivio litie itche etldtsall 2ai—-1eui t{hewuteputa fiter

FEAGE o OpUE, TPRFESY S on BPATGE 51 SHer” 4B Al
belaws Fayr @ o2thLeRICHS 2 tRRAt Q¥Olsteaiiest.i e fiGst and last
%%wgagsgg%i%s connected photovoltaic cells 12 are
electrically coupled by respective bus bars 36 and 38 to
electrical terminals 40 and 42. The series connected cells

12 form a photovoltaic cell circuit 500.

Figure 25 shows a graph 502 displaying an open circuit
voltage of the photovoltaic cell circuit 500 as a function
of the number of photovoltaic cells 12 shaded from an
impinging light source. It can be seen that the open
circuit voltage reduces in a substantially linear fashion

as the photovoltaic cells 12 are progressively shaded.

Figure 26 shows a test circuit 530 for the photovoltaic
cell circuit 500. The test circuit 530 comprises a series
connected load 532 and a first multimeter 534 to measure
the current flowing through the load 532 and hence the

test circuit 530. A second multimeter 536 is connected in
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plurality of photovoltaic cells 12a-12i (hereinafter
15 referred to in general as "photovoltaic cells 12

or "cells 12') connected together in series. A first
and |l ast of the series connected photovoltaic cells 12
are electrically coupled by yespective bus bars 36
and 38 to electrical termnals 40 and 42. The series

connected cells, 20,12 f a phatovoltaic cell ciLrgui
B0t er et o5 bRos e Grapnob0s QPeBrasiFG Ghoopey ue
ecredkt theohbages@b .t he photovoltaic cell circuit 500

as a function of the nunber of photovoltaic cells 12
shaded froman 25 inpinging |light source. It can be
%ﬁgntggﬁtcFP%u?Ee@300?5%ub%eﬁohhagﬁ E&PEGERn? @onducted
substantially [inear tfashion as the photovoltaic

tel kest2tareefifegressifvehpdihgdetotoFcdtire c26edhowd 2a from

test circuit 0 r the photaqyoltaic, 30 cell circuit
B0 MBS dLETerr UFt 595 EonpiPesesa thapre and Te

¢enpeetedrbpad 333 sartea 1bhus b 3nulkbirEeheh sh34d By the
nmeasure the current flow ng through the | oad 532 and

hemsé Bhd seesndcibdGilmessas AR3decdRé wesPefELErely3e From
[ n in. s .29 acal Lel i e a 2
e o
chlleulttb3d0 wWas thsedexamaniecexpelr ithenexaopdest ethath fiod low,
test the effects of shading_photovoltaic cells 12 from
Fﬁﬁiﬁ@?ﬁngF@ﬁF?n?ﬁewéﬁrP§n§ | owi ng t hrough and the

vol tage drop across the |oad 532 were neasured by the
first and second nultineters 534, 536 respectively.

Enom ftilese tesdsunenphosovoRéapowseldsawd b rehéhieggd from
532.was_10-.cal cul d._ In this | e d. t

SRRaRLeb R RSl T curnehsad o Sale; ahe il ry gt e
hBad BRrskreesbundo tphdkavol taic cells 12 were shaded
from inpinging light. The current, voltage and power

of the 15 load 32 were found to be: Di ode Shaded

Vol t age Current Power

Diode Shaded Voltage Current ‘Power
connected photovoltaic across through drawn by
across cell(s): load 32 load 32 load 32
photovoltaic (V) (mA) (mW)
cell(s):
(no diode None 2.8 85.5 239.4
connected)

In a second test, the photovoltaic cell 12a was shaded
from impinging light. Under these conditions the current,

voltage and power of the load 532 were found to be:
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connect ed photovoltaic across through drawn by across
cell(s): load 32 load 32 | oad 32 photovoltaic (V) (m)
(mN cell(s): (no diode None 2.8 85.5 239.4
connected) 20 In a second test, the photovoltaic cel
12a was shaded frominpinging,light. Under these
conditions the current, voltage and power of the |oad
532 were found to be: - 30 Diode Shaded Vol tage
Current Power connected photovoltaic across through

drawn by across cell(s): load 32 |oad 32 | oad 32
photovoltaic (V) (mA) (MmN _cell(s): no diode 12a

0. 2Bdores 1. 8204 Shesteskct eld) Voltadehe| s€avi@ites] i tEower
c n that [ ne , photovol t aiG 12

g%?e C?%?‘ttgﬁftpg%gﬁ%%ﬁ;nn to grop ?% 6£§%%60fd%ﬁgn by
powetrost put | wher1id sphot ovollbaidc 3@el | s 1t2d ire| load 32
shaded._ 10, Fiigure 27 shows| t he photovpltaic_cel
REP TS EBEC | connected in t he é&ﬁe tebt cifelit %30, (™)
buteid tdy a bypass device n the formof a diode|42
shunted across the photovoltaic cell|12a

(d@nsﬁnpdﬁlnq a gro2® of one €elHé 12). The di ode 428204
is reverse biased with respect to 15 photovoltai ¢ cel
15T F M otovoltaic cell [12a is shaded from

impinging Tight, the photovoltaic cell 12a acts as a
substantial open circuit but the diode 42 provi des an
alternate pat hway (i.e. a bypass) for the current to

oghet@r%%%l %%%tc'&cwa%,%% shawn i Fid %Hﬁnﬁﬁon s

ess power | oss than the situati
@@smbwbédamdImehﬂeﬂ@r@mm@e@otﬁmg&m@aZGPWmeneoutput to drop
h I
p oto%o talct %lpd%%r oﬁ%put when no photovoltaic cells 12

were shaded.

Figure 27 shows the photovoltaic cell circuit 500
connected in the same test circuit 530, but with a bypass
device in the form of a diode 42 shunted across the
photovoltaic cell 12a (constituting a group of one cells
12). The diode 42 is reverse biased with respect to
photovoltaic cell 12a. If photovoltaic cell 12a is shaded
from impinging light, the photovoltaic cell 12a acts as a
substantial open circuit but the diode 42 provides an
alternate pathway (i.e. a bypass) for the current to flow
through the circuit as shown in Figure 28. This leads to
less power loss than the situation described with
reference to Figure 26 where photovoltaic cell 12a was
shaded from impinging light and a diode or other switching

device was not present.

The effectiveness of various forms of the bypass is

illustrated using the test circuit 530 and explained
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shaded frominpinging |light and a di ode or other

swtching device was not present.

25

The

ef fectiveness of various fornms of the bypass is
illustrated using the test circuit 530 and expl ai ned -

31 bel ow.
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Figure 28 shows the photovoltaic cell circuit 500 where

the photovoltaic cell 12a has been shaded from impinging

light. This has effectively caused the photovoltaic cell

12a to become an open circuit 13.

In this situation,

the

diode 42 is forward biased with respect to the remaining

eight photovoltaic cells 12 and so current is able to flow

through the diode 42. The current, voltage and power of

the load 32 were found to be:

Diode Shaded Voltage Current Power
connected photovoltaic across through drawn by
across cell(s): load 32 load 32 load 32
photovoltaic (V) (mA) (W)
cell(s):
12a 12a 1.82 54.5 99.19




This represents a power output of 41.4%conpared to

the configuration where no photovoltaic cells 12 were

shaded

and where the diode 42 was connected in paralle
Vféious hotovoltaic cells, 12, A_t ?
d & h

pP afTh

TRRCS 0Tt RBHES 8?t§BFeOBf

resul ts

éec8%88F?ﬂeﬁ?sthe

frominpinging |ight and no di ode was present.
5 Further experinents were conducted where vari ous
photovoltaic cells 12 were shaded from i npinging |ight

W th

| Soshpyir el onv. wArd ndepronsest edi Shagdeds Vobt agee shaded

across photovol taic across through

dEBoR byPipwbrevelvht caeel NPsfiofpadas2preaans? | oad

Current Power
32 cell(s): (V)
239. 4

(my) (my

(no diode None 2.8 85.5
connected) (no diode 12a 0.246 7.4 1.8204

5 chanec¢edyxg@aihents2wdfe8toidu@N@d4dierd2aat?aud. 82

CEAREET et 5aceA5h

1gRede St¥S 870Qe
di ode 12a, 12b,

GafeiBit 9505 s, hoplehe o8 ts iledy 03 uke

+8%5e18Raded%s

2 0,132
gm2§mpi§g1n§261ght and

1Z2ayad2boARactddbid. éaﬂ§12e17w9%h QQQlous
031 0.9 0.0279

. connected) 12c
1pPhotapel Nehe oelkse325 A362BRS of2nesudps dzepiaalmglthe

o Hefgu:

10 12b, 12c, None 2.2 67 147.4
Diode connected Shaded Voltage Current Power
across photovoltaic across through | drawn by
photovoltaic cell(s): load 32 load 32 load 32
cell(s): (V) (mA) (mW)
(no diode None 2.8 85.5 239.4
connected)
(no diode 12a 0.246 7.4 1.8204
connected)
12a None 2.49 81.73 202.437
12a 12a 1.82 54.5 99.19
(no diode 12a, 12b 0.066 2 0.132
connected)
12a, 12b None 2.46 75.5 183.27
12a, 12b 12a 1.5 45 67.5
12a, 12b 12a, 12b 1.6 48.7 77.92
(no diode 12a, 12b, 0.031 0.9 0.0279
connected) 12¢
12a, 12b, 12c None 2.15 ©3.5 136.525
12a, 12b, 1l2c 12a 1.1 33.4 36.74
12a, 12b, 1l2c 12a, 12b 1.26 38.7 48.762
12a, 12b, 1l2c 12a, 12b, 1.23 37 45.51
12¢




12d 12a, 12b, 12c, 12a 0.73 22 16.06 12d 12a, 12b,
12c¢, 12a 0.57 16.3 9.291 12d, 12e 12a, 12b, 12c, 12a
0.49 15.3 7.497 12d, 12e, 12f 12a, 12b, 12c, 12a 0.24
6.8 1.632 12d, 12e, 12f, 12g 12a, 12b, 12c, 12a 0.29
8.7 2.523 12d, 12e, 12f, 1293312h 12a, 12b, 12c, None
2.24 67.8 151.872 12d 12a, 12b, 12c, None 2.07 61.5

a-12o 120 12 Nene—-31-—-0A4. . EQ 6

1.0 2N 19 1.0

IZ715 00 120, Tzt 128, - 1z0;7—1zG,—nNagh T35
1159242524 2 %00 121 V255 128 12¢2 Nome 2.9 68]g 147-4
157.5521242d, 12e| 12f, 12g 12a, 12b, 12c, None 2]19

66.4 1453416 12d| 12e,_ 12f 129, 12h 12a_12b,  12¢
Norfé 2 1875 1987, 5| 12d,122e, 12f, A28 12h, BH - B4 16.06
Fi gure ggdshoms t he photovol tailc cell cincuit 500
where the diode 42 is shunted |across alll of the c¢

1224,. 6.2 Igrqup| of nilmm cellg 12).5Wth reference
Figures 1 and 5 24, this circuijt is realilsed by
pl acif?éj't i ode| 42

12a, 12b, 1l2c, 12a 0.49 15.3 7.497
12d, 12e, 12f

12a, 12b, 12c, 12a 0.24 6.8 1.632
12d, 1l2e, 12f,
12qg

12a, 12b, 12c, 12a 0.29 8.7 2.523
12d, 12e, 12f,
12g, 12h

12a, 12b, 1l2c, None 2.24 67.8 151.872
12d

12a, 12b, 1l2c, None 2.07 61.5 127.305
12d, 1l2e

12a, 12b, 1l2c, None 1.94 59.6 115.624
12d, 12e, 12f

12a, 12b, 1l2c, None 2.29 68.8 157.552
12d, 12e, 12f,
12g

12a, 12b, 12c, None 2.19 66.4 1453416
12d, 12e, 12f,
12g, 12h

12a, 12b, 12c, None 2.5 75 187.5
12d, 12e, 12f,
12g, 12h, 12i
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across the termnals 28 and 30 of the photovoltaic
tile 10. The diode 42 is reverse biased with respect
to all of the cells 12. In the event that one or nore
of the cells 12 is shaded frominpinging light, the
di ode 42 can 10 provide an al{grnate pathway through
which current can flow This can be particularly
advant ageous when a plurality of photovoltaic cel
circuits 500, and specifically a plurality of

phelie¥obbaiseolisl €5elPhodbeoleanreeked ich r3QliiteS0as where
descri bed bel ow. 15 The photovoltaic cell circuit 500

By Béodenhected shiyntegr pegogist BluPthERepkétidvollraild - 2
g?%bgcb%cﬂﬁhé QQngsl2§hoWﬁthnr%%%%%%c%otoT@f§df%s 1 and
qui val'ent to the serieés connecting of photovoltaic

il eshiB8 wheceicadls 2@aphckdvolyt ailectinke the kWasds 42

di ode 42 _across .their . _respectivVv rmnals 28 and 30.
RS ger P15 Pafay 2Bne ol % G SHGt SUAILAPd ear Tite
gior. ChkS 358 dies 42haded cfic@®e bARisRE RAthi GRlspeldteto all of
respecti ve diode 42 of the respective photovoltaic

cakl ceildeuill .58 nc ahepeyeinde tARtaloner rat 8025 P4t gy cells

dndeng AR BN S TR EE I Uarky oRes iRt WP o

oneé or m i npI ngi ng
geesideobnr edtiktrnan capaltangy ahpoweh Wwhdsht karrehtacan
di ode or A other sw tchin ice was not connect ed

. de

adP¥ss T84Eh CaPphSCoPGItai-C-LEEY EOPEHITFISEH.S ¥6Mn “an
aht.ennative rephodionRitoa itthecdilode 42 way she ,appld ed
across a'plurality of photovoltaic cells 12, for

eparplfé cad vaer @y ek lgihot oolhaiteviollted c1idesodd .opre
more sol ar .- 35_.panel_s - 1his rovi de the
589&%?%&? %ﬂeF?ﬁﬁ%% %ﬁig %%r&ggFagéﬁggﬁ be attained to
overcone the voltage drop when a constituent
ghotovoltaic cell 12 is shaded frominpingin ,
Qﬁ|p§ﬁppvoltalc cell circuit 500 may be connected in
series with further photovoltaic cell circuits 500 as
shown in Figure 30. This is equivalent to the series
connecting of photovoltaic tiles 10 where each
photovoltaic tile 10 has a diode 42 across their
respective terminals 28 and 30. If a cell 12 from any one
of the photovoltaic cell circuits 50 is shaded from
impinging light, the respective diode 42 of the respective
photovoltaic cell circuit 50 can provide an alternate
pathway through which current can flow. In this way, the
shading of one or more cells 12 from impinging light does
not result in as large a power loss than if a diode or

other switching device was not connected across each

photovoltaic cell circuit 500.

In an alternative embodiment, the diode 42 may be applied
across a plurality of photovoltaic cells 12, for example

an array of photovoltaic tiles 10 on one or more solar
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5 The parallel connection of the diode 42 in each
phot ovoltaic cell circuit 500 | ocalises the adverse
effects of one or nore of the cells 12 of each
photovoltaic cell circuit 500 being shaded from

i mpi nging 10 light. The voltage drop across the diode
42 mAII be negligible if the series connection of

hot ol el | _circuit. eneratin
57 ARy TR g o761 FRG. oy QP ceRaane s (hEFRNg8
QEghQQVv@Q@a@QO%%n Eﬁl%t&bh@Wﬁ &o @b@&@bmbyt@% &@ﬂm@@e
connect ed photovoltaic cell circuits 15_500 (i,.
ErePoVBE aifc COMISEd tHgNtt #hREOySeF S G8AEr ét?e l§ shaded

m&lbagﬁggg%gg%ng%gﬁn%@h for exanple, run an inverter

i'ng a S whereby the shading of Iight
fron1 i npi nging on one or nore cells 12 wll not

duce t achi eva Ie vol t S ch t han,i f

@r@aﬁéﬁge&ocﬁﬁgﬁ & 36 %P 5o %&r%éﬁﬁt d§€Fge used.
%@t@&ro&%@ cbyRass cdeviges 54)@ qarabe s@@n rn;el@t edivigtse
paral | el W th any conbi nati on of photovoltaic cells

ef feetas oifo Onee @i B 0Fe Odd\FEEs ESaflfedt @ﬁ @ﬁ@ho nnre
@ﬁ%&%&% tai; ¢ 22-6eld; ?’rc]uﬁtb%' Y b%ll"ﬁ%:% Inging

n one Tormo e solar ypa
dewhme(ﬁhe4aolae@etm&mwabbyosmsmh&t@dpdkoMZemadﬁl@e

from heatin i mpin sunli ht. I hi s ,_.an
PEqRaAGe PLGr efntth&f 56 Cle RS Al eell
dependent son H%”%%h%&%&%n%a% s@%fﬁ%ﬁ%@%@yt%f@%ﬂ%oltage,
extent. Wen the photovoltaic tiles 2 are nounted on

doroefkap leorim fdvet refog 10dofl 093] @mde@éﬂog;? é%{Semllows a
LA%-B130e0 o12 <330 8 ARl SHARITAL0 Y rcuics

sun er or layérs arran
Between e .t lpelodjo@@e_téaoartdlteh;e lionpitrgiorg m@d |tghtgenﬁrate a

ers may be any _one of or a plurall |nsulat|n
Rt erTa §19h0 PROSERAMN%e T §&FE é%l rofihile

%gBQQBQﬁ%l%ah%a%!l%h%r%%yo%h%n%h%bﬂ%r kH59h§ﬂknErom

ans IS envi sage any
impinging on one or more cells 12 will not reduce the

achievable voltage by as much than if there were no diode

or other switching device used.

One or more bypass devices 42 can be connected in parallel
with any combination of photovoltaic cells 12 so as to
reduce the adverse effect of one or more photovoltaic

cells 12 being shaded from impinging light.

In one form of the solar panel 400 the bypass device(s) 42
are thermally insulated, for example from heating by
impinging sunlight. In this way, any leakage current of
the bypass device 42 which is dependent on temperature can
be reduced to some extent. When the photovoltaic tiles 2
are mounted on a roof or form part of a roof solar energy

system, the diodes 42 can be insulated from heating due to
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formof effective thermal insulation can be used to
reduce the | eakage current of the diodes 42. O her
devices may be used to cool the diodes 42 such as
cool i ng systens, devices arranged to enmt therma
radi ati on away fromthe 10_digde 42 such as finned
nmetallic radiators, and fans. Wile the photovoltaic
cell. circuit 500.is descrlbed as series conqﬁg&Dq
ween

GPERETR (G shditsd Bfpady © deide ™ d
hyRass drvige Ad e alngd ke rpRldred dix 15he layers may be

photovoltaic cell circuits connected in parallel, or a
EENhioTEt iodh BF bl el tes oa‘ndwlmaag it sl swh s
tcnl \, qunpgr
a?ngﬂl {éalr}g g%%% %%ngﬁereq{w %\/(\%%r t he |al [Fust raﬁogL aic tile
emocaﬁj et s:uhmrlpmﬂtaezamgjlnma ype s teghiirgpagleVitdet any
or_less

th 20 a f d t d f I
S S A S Sy T G b P20 o o] geduce

Hhel letar}@é'@;% %tlﬁ:rre?i”é teehivie Qﬁ\ﬁc&% WA h Jthe©Olderices may be
simlar forward, voltage drop may be used. - 37 -

Ossidrgol. cq@lsdﬂ@r sl astrsr 142 FaITel asorfedlsingy sy s aise
dnexuceﬁ 5 lelr%# t’t:yo oefmlqﬁocth%vr?r{atla'rcac}lat%dn ea o‘ﬁ']:[om the

ot ovo e Comnpri sing one or nore al c
Qﬁldc& 48] egidH ca Iﬁ/irﬁmmettdtﬁﬂ]h@:geidmraﬂdrsf oramda fans.
photovoltaic cell circuit; a connection system
supported on the base tile, the 10 connection system

elraald i6Rl IphRoAnaGtd g dhe Rhat oMl tR € 1 d id@f-ribed as a

together 1n groups of two or nore photovoltaic tiles,
aﬁ&rmhmnrrmlthﬁ et ing wikeh Wcﬁl@\gﬂet AmurtidedMaRss

e .base H* t he connecti nf| r ed
A IR G Cai° CBUBTng o1 o Bhea 40 |8
Hdtoa;rbllt%laﬁjcaaqemtcﬁaﬁﬁtts Icﬁmrmﬁc@t lfﬁ%ﬁirﬂmﬁalbypm%
evi ce shunted across a set of _ )
combination of both series and parallel circuits where a
switching device is placed across any number of
photovoltaic cells. Further, while the illustrated
embodiments incorporate a diode type switching device with
a forward voltage drop of equal or less than 0.7V,
alternate switching device such as an anti-fuse or a

transistor switching device with no, or a similar low

forward, voltage drop may be used.
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one or nore of the photovoltaic cells in the
photovoltaic cell circuit, wherein the bypass device
provides a current path for the photovoltaic cel
circuit across the set of 20 photovoltaic cells when
an output voltage across the get_ of photovoltaic
cells is less than a predetermned threshold voltage.
2. The solar electric panel according to claiml
WHerigisn 25 connection system conprises: a plurality
of conducting posts, each post having a free end to
whi ch the photovoltaic tiles are coupled; and a
Bi-ur alfy 5P 167 SLEATEICAIPAAEHI GBS SRSt el ectrical |y
connect Hahe qukﬁ together 30 3. The solar electric
panel ac rdln to ere the electri.c
conne& gﬁl Cfgﬁ%?orpé) 1lees| e &GS I%C(,j}ﬂhoatovoltalc
Gﬁﬂme@bmpﬁuaimg(unqﬂaﬂmmmﬁrphnaamuiuduﬂndakkﬂ
%ﬁEﬁﬁEﬁ;&él & é%¥%4#€€§e€%é?”fb %%IHFQPE>Q£§§vdf%é%%
couplé n en ectrical conduc
ceddectiagwid; a first of the posts and the second

el ect I cRINERINRE! Ay stich Cs%@oed;etoo AN and b&fsé h;‘«ile, the

eIectrlcaI conductor connect éd - to a |l
FESOS lare sy S et reicedtlm c?é%nner?&ﬁﬁ’@ct éﬁﬁ%olﬁaw
eligely iteafe tC@INEET iU toeimtean die moﬁ:leeqil'fdtaﬁidlytalc

nected MAth a_second electrlcal to of a
rclor?d relcélanlé:éa;lnr}L ctclooﬁ)ls PG ity %p%m);o {egc tiles to
elhectb@sealtld@nt ithe toprivetabdem tsmetfanr Ste igpd swedorhred to

G CRle gq%%%“ a@é%pq g bt the splayr @.l%Ctvfl't% an

pan accor to c erein one or both of the
fidisceand bedcond 1@7ed cal connectors 10 are

provi ded 1wadt arded B JdLsidd enestsd Qﬁ:rtd%sﬂ@p@eta of
mechani cal force between first, and _second el ectrica

OB &t FI°E Swivedn "SEuREEF TS eriér © TeCiiA BRIt aic
aeililng itreutal, Ntwiar oy plHen @ petsse ereviihe fonestidesd a current
%%% n%or the photovoltaic cell circuit across the set of
photovoltaic cells when an output voltage across the set
of photoveoltaic cells is less than a predetermined

threshold voltage.

2. The solar electric panel according to claim 1 wherein
connection system comprises:
a plurality of conducting posts, each post having a
free end to which the photovoltaic tiles are coupled; and
a plurality of electrical conductors that

electrically connect the posts together.

3. The solar electric panel according to claim 2 wherein
the electrical connection system comprises a first
electrical connector and a complementary second electrical
connector wherein the first electrical connector is
coupled to an end of the electrical conductor connected to
a first of the posts and the second electrical connector

is coupled to an end of the electrical conductor connected
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el ectrical connectors. 15 5. The solar electric panel
according claim4 wherein the first and second

el ectrical connectors are configured to form when
engaged with each other, a nutual contact surface of
variable length. 20 6. The sokar_el ectric pane
according to any one of clalnB 2-5 wherein the free
end of each post is provided with a fitting to enable
necradiact] @hd e avigtisathexdnnedtd onins- tdheectrical

RbptvQl dRi £ tdd 8 e BB tlr i T S BBl SEtd TS BANedn be

according to claim6 wherein the fitting conprises a
AR Giep Iy r@g}r}qqetrﬁd WBrth 1si9GBH 181 Kigpdraeconnector

r@ﬂiiaalslemcmd Qa“ILCHd’cgmpfaOJl afdnrcmst,lorf czarymdanabow giher fdee
post e sl electric ne

Fe i S T RR (e ] ng RO I as a

&mmmmmﬁn@mﬁmUmmmﬁW@memifonmdonthefmm

end of the post and a nut adapted to be screwed onto

the thread, or (b) a screwthread forned in 35 the
fhee dRe ofolaTe SIEstt mind RRNSEr APHITHAIY Eaptadd tD Werein

sewsd ka’ctlfP dthetdreadt ar§39 s&zonﬁ‘eelséﬁtaflc?élecééﬂr?ectors

panel accor ing to any one of clains 2-8 wherein the

s i SSbritiict o HHE DT & el L BHGapsul 3t dP tFPPLY @
an{jdﬁa?ﬁcﬁsilﬁCﬂdﬁcﬁ‘e’i!bWtﬂlgfsﬂ idred sfémﬁflcelemet&tas:fcraele

end of _eac ost is i to acjlitate

TSI W (Ot v T A1 E 1t e MeTH R SR
@lcetatrrg ¢ parssin tacicorahiugl iy drat v d:fhe cliaigts and second
wher, flé§¥”b6ﬁ6386%$9 hconductor conprises a
11 to I C

conducting ra a plurality of the posts is
10 connect ed.

5. The solar electric panel according claim 4 wherein
the first and second electrical connectors are configured
to form, when engaged with each other, a mutual contact

surface of variable length.

6. The solar electric panel according to any one of
claims 2-5 wherein the free end of each post is provided
with a fitting to enable mechanical and electrical

connection to the photovoltaic tile.

7. The solar electric panel according to claim 6 wherein
the fitting comprises a plurality of resilient, or
resiliently supported, radially extending projections,

formed about the free end of the post.

8. The solar electric panel according to claim 6 wherein
the fitting comprises a combination of (a) a screw thread
formed on the free end of the post and a nut adapted to be
screwed onto the thread, or (b) a screw thread formed in

the free end of the post and a screw or bolt adapted to be

screwed onto the thread.
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11. The solar electric panel according to any one of
clains 2-9 wherein each el ectrical conductor conprises
one or nore wires, or one or nore conducting tracks
on a 15 circuit board. 12. The solar electric pane
according to claim1l whereifythe wires or tracks are
configured to enable custom connection to the posts
to provide selectable 20 connection configurations.
23. Thbesebadrrekdertird cpaneklaecordidigat §ockaymong of

%ﬁ%rﬁ. ZthWWer%ﬁ %r%ﬁﬁ%t§ﬁ%a§0QBh@ﬁ%%@r%o POYHERs are

Seri es connect |on et ween he one or nore firs
@M@@pﬁpéartedzetpd E@irde @norelsﬁﬁérléta&s ESNNEL T IPRe tddiear

&E@%&hc tﬁ@n &lreC fé@llrad loFg @ ha lib)b SQnG_SOfacc@s@ll'BSE_ el
erei.n the base tile is m

e AR G B CAie LRitOn 1oy s PO P S TS  he
30 substrate. 15. The solar el ectric panel according

H% an%hgngoggr %h%l %E&@?eg% grhg% b%%eakklwﬁe of

conprisés-a ottom
pﬁ@lm@nﬁe@tM@ﬁr§y§t@@ﬁmseéﬁcﬁﬁgﬁé e@ondﬂ460r1@0mﬂﬁéses a

%%@hc%ll%@t rr'a(i 1PaRek;racgordi 'prlglrtaq l%lyalorﬁ 16 Worrel Ns
base l'e conprises a top shell "which overlies

Fﬁ@n@ﬁﬁﬁ@y and is provided with a plurallty of hol es
in alignnment with the posts wherein the posts extend

9 responding holes. 17. The sol ar _electric

Banel 2. SParRg BLB Cand CoRaTEE SEPRTRINI SR ARd erR Bre
baaemslQe9cwhamh&aseacml@d&bmtycaﬂ cwmﬁb@t@romqmghu&as one
W%r %% %%%@s n%o%lth%@%dcghdﬁc%q @%ﬁ%@ on a

a necﬁanlcal fast ener passi ng t
@&ﬁﬂ@ﬂtlboérﬁlane perpendicular to a plane cont ai ni ng
the base tile is spaced fromthe connection system

18 The sol ar el ectric panel _accordin an f
. The solar electrlcppanel accordlgg to é{ag %

wherein the wires or tracks are configured to enable
custom connection to the posts to provide selectable

connection configurations.

13. The solar electric panel according to claim 12
wherein the wires or tracks are configured to provide a
series connection between the one or more first electrical

devices or apparatuses.

14. The solar electric panel according to any one of
claims 1-8 wherein the base tile is made from a moldable
material and the connection system is molded into the

substrate.

15. The solar electric panel according to any one of
claims 2-13 wherein the base tile comprises a bottom shell
defining a cavity in which the connection system is

disposed.
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15 clains 1-17 wherein base tile conprises a sealing
system for providing a waterproof seal between

adj acent abutting base tiles. 19. The solar electric
panel according to any one of 20 clains 1-18 wherein
the photovoltaic tile conprisgg: _ a carrier tile
having a first side; and a cover plate sealed to the
carrier tile, the cover plate having a first side,
vitter eiThe heo loar rélegcttile manel tdecaolierg platelaye 16

\Aﬂ{&tél\{'?lt%l&%’gé@%% tcpoﬁ;ﬂ{%rg@s '£C&H> széeltlhexﬂ%p&{ V@\%ﬁflles

en cover late overlies the carrier til

ridep ea v iy farrc%tl%um&wf%ﬁﬁ il ach Lbkkr@ll%ecr%uhpl%em

Qe PmdAY & RNOLOVOI S 16 GRld e Bl ec1se sk 4 nestdend toward
recess. 30, 20. TQF solar electric panel according to

G TRSBP N diH-GHe photovoltaic tile when vi ewed

froma side provided wth the cover plate has a

t e- |ke r T C C
S or dit ST A G RS SETH e
& lgd iatse- 1111k€e wWotmrin theqbag tifhe cuieristec mkurality of

ReNale ACCH di NG A0 cd@iMmZl eé’k’f}?rr@dfkéf‘?lp@sm&%& A€ a

cells are of a slate-like colour he sol ar
dieatdn ﬁﬁ}ﬁe‘{eb@%@or”&ﬁﬂg”tlc?a&nyf%%ﬁr PRI Worugh a

wheriedin ithey f;ElCa(iﬁéS pSredeehlidy the £ igdne mﬁmﬁqmg the
the carrier, tile. 24._The sol ar electrlc

s PSS el ot i Fo RSSO S 1

cover plate has substantlally the 10 sanme footprint

3138 t hefhcarﬁréleg Céfﬂeecstrsioct elr %@@&f%%ﬁ%q@ oﬁ@eof
carri er e an cover p| e are

col-aigrsri s’ WIS rafine it art el e cranirr el a a‘-iﬁi)%%ﬂ‘hgsﬁﬁiem
Cl B I?O?vldll%%ﬁbem@a&m&&pvseéazplﬁé@ﬂéeﬁq £k e ting

recess sol ar el ectric panel according to any

RRsoftiles.

19. The solar electric panel according to any one of
claims 1-18 wherein the photovoltaic tile comprises:

a carrier tile having a first side; and

a cover plate sealed to the carrier tile, the cover
plate having a first side, wherein the carrier tile and
the cover plate are relatively configured to form a recess
therebetween when cover plate overlies the carrier tile
with the respective first sides facing each other, wherein
the one or more photovoltaic cells are seated in the

recess.

20. The solar electric panel according to claim 19
wherein
the photovoltaic tile when viewed from a side provided

with the cover plate has a slate-like appearance.

21. The solar electric panel according to claim 19
wherein the carrier tile is of a slate-like colour.
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clainms 1-25 wherein the photovoltaic tile conprises

one or nore through hole electrical term nals by

whi ch the 20 photovoltaic tile are electrically and

mechani cally coupled by the connection system 27.

The sol ar electric panel according to claim 26

further conprising electrical cell conductors

providing an 25 electrical connection between each

el2ct rTical sekam ebéchnic pheebnecoordbne pbotbdbzdht Alc

o 8 h t a cor t aj

S Spf ornd (RaSCr BRI R B LR PoREL 88T E) AREe By LGt BLour
into the 30 carrier tile for at |east a portion of

their T@@géﬁlsﬁtgpgtﬂglérgghébeaégéﬂaﬂﬁgStOZQnyTbﬁe of
sogar elfét%b ganel accordi ng to,any one of

1238 e YRR BYPa5te dEGFRES chApF PEREda l§5the tirst
syitthcagotevheecadbiefheisel ar el ectric pane

according to claim?29 - 42 wherein at |east one of

the bypass devices is a diode. 31. The solar electric
patel Beeosdiay ebectaim Bdnelwhecerding teashyonee of
dbpggmgaﬁgazé0&%@591M0£B@980959DF9£te5hs9uetheaﬁEially the

| ess than 0.7 . The solar electric pane _
ateB? df AQtPBieFaff 2bS CaREtEFntalePeast thAE SRPPERLAYS

d@&g@@ b8 @Heaﬁétriéﬁetgﬂeaan&ra8$é§tpiaﬁéﬁh@Elng
he_sol ar el ectric panel according to

cF%?ﬁ?%%%b?§§X COWhEFBIAUSt | east one diode is shunted

across one or nore of the photovoltaic cells in a

n§§nerT§gCQo£%§tef3 pfLogde o4 S gSX?&%S bggssg 9% EEe
one or nore p otovo al ¢ celTs 15°acros

stibaredn B4e Thwesobaptel ést sEatpdneh abeordpﬁgsany
one of clainms 1-33 wherein the at |east one bypass

devi ce |s thermally insulated so as to reduce | eakage
ctfrenthe neple¥ofiectric panel according to any one Of

claims 1-25 wherein the photovoltaic tile comprises one or
more through hole electrical terminals by which the
photovoltaic tile are electrically and mechanically

coupled by the connection system.

27. The solar electric panel according to claim 26
further comprising electrical cell conductors providing an
electrical connection between each electrical terminal and

the one or more photovoltaic cells.

28. The solar electric panel according to claim 27
wherein the electrical cell conductor are molded into the
carrier tile for at least a portion of their length

extending from the terminals.

29. The solar electric panel according to any one of
claims 1-28 wherein each bypass device comprises a

switching device.

30. The solar electric panel according to claim 29
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wherein at least one of the bypass devices is a diode.

31. The solar electric panel according to claim 30,
wherein at least one diode has a forward voltage drop of
equal to or less than 0.7 V.

32. The solar electric panel according to claim 29,
wherein at least one switching device is an anti-fuse or a

transistor switching device.

33. The solar electric panel according to claim 30 or 31,
wherein at least one diode is shunted across one or more
of the photovoltaic cells in a manner such that each diode
is reverse biased by the one or more photovoltaic cells

across which it is shunted.

34. The solar electric panel according any one of claims
1-33 wherein the at least one bypass device is thermally

insulated so as to reduce leakage current therefrom.



